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NOMENCLATURAL  NOTES  ON  PHILIPPINE  PLANTS 

By  Elmer  D.  Merrill 
Of  the  University  of  California,  Berkeley 

Through  the  courtesy  of  Dr.  Edwin  Bayer,  of  the  National 
Museum,  Prague,  I  recently  had  the  opportunity  of  examining 
several  hundred  unnamed  Philippine  specimens  collected  by 
Haenke  under  the  auspices  of  the  Malaspina  Expedition.  At 
the  same  time  a  number  of  Presl's  types  were  loaned  to  me, 
from  an  examination  of  which  it  has  been  possible  definitely 
to  place  several  of  his  proposed  species  that  were  previously, 
because  of  incomplete  descriptions,  considered  as  of  doubtful 
status.  In  species  more  recently  described  it  has  become  nec- 
essary to  propose  new  specific  names,  because  those  originally 
published  by  me  were  preoccupied.  As  the  type  of  the  genus 
Plectronia  has  been  shown  to  be  identical  with  Olinia,  this  generic 
name  is  abandoned  in  the  Rubiaceae  and  the  Philippine  speciee 
there  placed  are  transferred  to  Cunthium. 

GRAMINE^E 
Genus  ARISTIDA  Linnaeus 

ARISTIDA   SORZOGONENSIS   Presl. 

Aristida  sorzogonensis  Presl,  Rel.  Haenk.  1    (1830)  224. 

In  my  Enumeration  of  Philippine  Flowering  Plants  x  I  placed 
this  under  the  excluded  species,  with  the  comment  that  the  record 
(Sorsogon)  was  probably  based  on  an  erroneously  labeled  spec- 
imen, the  species  in  all  probability  being  American.  An 
examination  of  Presl's  type  in  the  Prague  Herbarium  shows 

1  Bur.  Sci.  Publ.  No.  18  1   (1922)  80. 
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that  the  species  is  a  true  Aristida,  but  is  remote  from  all  of  the 
few  known  Philippine  species.  Prof.  H.  G.  Hitchcock  states  that 
it  is  not  any  of  the  species  of  the  United  States,  and  does  not 
match  any  of  the  species  of  Ecuador,  Peru,  and  Bolivia  known 
to  him.  I  still  believe  that  the  actual  type  was  from  either  South 
America,  the  west  coast  of  North  America,  or  possibly  Australia, 
although  it  is  possible  that  a  Philippine  species  is  represented 
that  has  not  appeared  in  the  extensive  Philippine  collections 
made  since  Haenke's  time.  Professor  Hitchcock  further  states 
that  at  first  he  took  the  species  to  represent  Aristida  setifolia 
HBK.  of  tropical  America,  but  that  the  callus  does  not  agree 
with  that  of  the  latter  species. 

Genus  SETARIA  Beauvois 

SETARIA   GLOBULARIS   Presl. 

Setaria  globularis  Presl,  Rel.  Haenk.  1   (1830)  314;  Scribner  in  Rept. 
Missouri  Bot.  Gard.  10   (1899)   52. 

This  was  based  on  a  Haenke  specimen,  "Hab.  in  insulis  Philip- 
pinis,"  but  is  manifestly  not  a  Philippine  plant  and  was  excluded 
by  me.  Scribner  states  that  the  sheet  in  the  Bernhardi  Herba- 
rium at  the  Missouri  Botanical  Garden  represents  three  species ; 
one  Setaria  caudata  Lam.,  as  interpreted  by  him,  one  S.  eomposita 
Kunth,  the  third  not  determinable.  The  specimen  in  the  Prague 
Herbarium  represents  a  single  species.  Regarding  the  fragment 
forwarded  to  him  for  examination  Professor  Hitchcock  states 
that  it  matches  two  specimens  collected  by  Mrs.  Chase  in  Brazil 
that  had  tentatively  been  placed  under  Setaria  rariflora  Presl  and 
which  may  represent  Setaria  caudata  of  Brazilian  authors,  but 
not  Setaria  caudata  Lam.  of  the  West  Indies.  Haenke's  spec- 
imen and  the  two  specimens  collected  by  Mrs.  Chase  differ  from 
the  species  mentioned  above  in  having  prominently  rugose  fruit. 
Professor  Hitchcock  states  that  he  does  not  see  how  Presl  could 
have  secured  Brazilian  material.  The  species  is  safely  not  Phil- 
ippine. 

Genus  PASPALUM  Linnaeus 

PASPALUM   BORYANUM   Presl. 

Paspalum  boryanum  Presl,  Rel.  Haenk.  1    (1828)  209;  Merr.,  Enum. 
Philip.  Fl.  PL  1    (1922)  57. 

In  the  Enumeration  of  Philippine  Flowering  Plants  this  is 
placed  under  the  excluded  species,  with  the  comment  that  it  may 
prove  to  be  a  Digitaria,  or  some  American  species  of  Paspalum, 
although  Presl's  type  was  localized  as  from  Sorsogon,  Luzon. 
I  have  recently  had  the  opportunity  of  examining  Presl's  type 
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in  the  Prague  Herbarium,  and  it  is  identical  with  the  Philippine 
form  I  have  referred  to  Paspalum  vaginatum  Sw.,  but  which 
Hackel  referred  to  Paspalum  distichum  Linn.;  see  Kneucker 
Gram,  exsic.  805  from  Rizal  Province,  Luzon,  which  is  identical 
with  Paspalum  boryanum  Presl.  Professor  Hitchcock  confirms 
this  identification  as  Paspalum  distichum  Sw. 

Genus  SPOROBOLUS  R.  Brown 

SPOROBOLUS    SCOPARIUS    Presl. 

Sporobolus  scorparius  Presl,  Rel.  Haenk.  1    (1830)   243. 

On  the  assumption  that  the  species  described  by  Presl  was 
a  Sporobolus,  type  from  Sorsogon,  Luzon,  I  stated:2  "Certainly 
not  a  Philippine  species,  but  probably  based  on  American  ma- 
terial/' An  examination  of  Presl's  type  in  the  Prague  Herba- 
rium clearly  shows  that  Sporobolus  scoparius  Presl  is  identical 
with  the  common  and  widely  distributed  Thysanolaena  maxima 
(Roxb.)  0.  Kuntze  =  Thysanolaena  procera  (Retz.)  Mez  in  Bot. 
Archiv  1  (1922)  27;  Agrostis  procera  Retz.,  Obs.  4  (1779) 
19.  The  name  Thysanolaena  procera  (Retz.)  Mez  is  the  oldest 
valid  one  for  this  species.  The  panicles  are  commonly  used  in 
making  brooms  in  the  Philippines,  whence  PresPs  specific  name. 

Genus  BROMUS  Linnaeus 

BROMUS   LUZONENSIS   Presl. 

Bromus  luzonensis  Presl,  Rel.  Haenk.  1    (1828)   262  "Hab.  in  Luzo- 
nia,"  Presl. 

Of  this  I  have  seen  a  single  detached  spikelet,  without  its 
pedicel.  I  still  believe  that  the  material  could  not  possibly  have 
originated  in  the  Philippines.  Regarding  the  fragment,  Pro- 
fessor Hitchcock  states  that  he  has  not  been  able  to  determine  it 
satisfactorily,  although  the  spikelet  compares  very  well  with 
Bromus  lanatus  HBK.,  a  species  of  tropical  America;  Presl's 
description  does  not  agree,  as  he  describes  it  as  having  short 
stiff  pedicels,  while  Bromus  lanatus  HBK.  has  rather  slender 
curved  ones.  It  is  indeed  difficult  to  determine  why  Kunth 
referred  this  species  to  Triticum;  it  is  a  true  Bromus. 

Genus  DIGITARIA  Scopoli 

Paspalum  mollb  Presl,  Rel.  Haenk.  1   (1828)  213  "Hab.  in  Luzonia,"  Presl. 

The  specimen  in  the  Prague  Herbarium  is  a  Digitaria.  Re- 
garding it  Professor  Hitchcock  states  that  it  matches  three 
specimens  in  the  United  States  National  Herbarium;  namely, 

2  An  Enumeration  of  Philippine  Flowering  Plants  1    (1922)  81. 
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Ramos  1125,  from  British  North  Borneo,  and  two  specimens  col- 
lected by  himself,  one  near  Canton,  China,  the  other  at  Dong  Hoi, 
Annam.  These  were  placed  under  Digitaria  longiflora  (Gmel.) 
Pers.,  but  marked  plant  villous.  Professor  Hitchcock  states  that 
it  may  represent  a  distinct  species.  In  view  of  the  fact  that 
Presl's  type  matches  oriental  material,  the  locality  cited  is  un- 
doubtedly correct.  Paspalum  mollicomum  Kunth  and  Synther- 
isma  molle  Scribner  are  synonyms. 

Paspalum  fuscum  Presl,  Rel.  Haenk.  1    (1828)  214  "Hab.  in  Luzonia  ?  in 
Peruviae  montanis  huanoccensibus  ?  Mexico  ?" 

There  are  two  specimens  on  the  sheet  in  the  Prague  Herba- 
rium, one  with  two  spikes,  the  other  with  ten  spikes ;  Scribner's 
figure  of  the  cotype  in  the  Berhardi  Herbarium  represents  a 
specimen  with  four  or  five  spikes.3  Professor  Hitchcock  thinks 
that  the  small  specimen  with  two  spikes  is  Digitaria  longiflora 
(Gmel.)  Pers.,  and  that  the  larger  specimen  with  ten  spikes, 
which  is  manifestly  the  type,  as  Presl's  description  states  that 
the  spikes  are  eight  to  thirteen,  is  Digitaria  chinensis.  The 
statement  "culmo  repente"  probably  refers  to  Digitaria  longiflora 
(Gmel.)  Pers.     Presl's  name,  being  the  earlier,  is  here  adopted. 

DIGITARIA   FUSCA    (Presl)    comb.   nov. 

Paspalum  fuscum  Presl,  Rel.  Haenk.  1    (1828)  214;  Kunth,  Enum. 

1    (1833)  46. 
Paspalum  filiculme  Nees  ex  Thwaites,  Enum.  PL  Zeyl.   (1864)   358. 
Digitaria  violascens  Merr.,  Fl.  Manila  (1912)  88,  non  Link. 
SyntheHsma  fusca  Scribner,  Rept.  Missouri  Bot.  Gard.   10    (1899) 

49,  t.  11. 
Paspalus   chinense   Nees   in   Hook,   and    Arn.,    Bot.    Beechey's    Voy. 

(1841)    231. 
Digitaria  chinensis  Merr.,  Enum.  Philip.  Fl.  PL  1    (1922)  53,  here  by 

error  credited  to  Nees. 

By  many  authors  this  is  considered  as  synonymous  with 
Digitaria  longiflora  (Gmel.)  Pers. 

CYPERACEJE 
Genus  CYPERUS  Linnaeus 

CYPERUS  LUZONENSIS  Presl. 

Cyperus  luzonensis  Presl,  Rel.  Haenk.  1    (1828)   174. 
Because  of  the  characters  given  by  Presl  in  the  original  de- 
scription, type  from  Luzon,  and  as  I  was  unable  to  place  the 
species  from  the  description  alone,  I  considered  this  under  the 

8  Rept.  Missouri  Bot.  Gard.  10  (1899)  t.  11. 
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doubtful  and  excluded  species  of  Pycreus.  An  examination  of 
the  type  in  the  Prague  Herbarium  shows  Cyperus  luzonensis 
Presl  to  be  identical  with  the  common  and  widely  distributed 
Cyperus  pilosus  Vahl. 

CYPERUS   MINUTIFLORUS    Presl. 

Cyperus  minutiflorus  Presl,  Rel.  Haenk.  1   (1830)  251;  Merr.,  Enum. 
Philip.  Fl.  PI.  1    (1922)   109,  cum  syn. 

This  was  placed  by  me  under  the  doubtful  and  excluded  species 
because  of  the  inadequate  description.  An  examination  of  a 
fragment  of  the  type  from  the  Prague  Herbarium  indicates  that 
it  is  a  juvenile  form  of  the  common  and  widely  distributed  Cype- 
rus haspan  Linn.  Cyperus  minutiflorus  Presl  and  its  synonyms 
C.  micranthus  Presl  non  Nees,  C.  breviflorus  Dietr.,  and  C.  multi- 
florus  Kunth  thus  become  synonyms  of  the  Linnean  species. 

CYPERUS    PHILIPPENSIS    Presl. 

Cyperus  philippensis  Presl,  Rel.  Haenk.  1    (1828)    174. 

This  species  was  placed  by  me  under  the  doubtful  and  excluded 
species,  the  type  being  from  Luzon.  An  examination  of  a  small 
fragment  of  the  type,  an  immature  specimen,  seems  to  indicate 
that  a  form  of  Torulinium  ferax  (L.  C.  Rich.)  Ham.  is  repre- 
sented, and  I  make  this  tentative  reduction  of  PresPs  species. 

CYPERUS  ALDUS  Presl. 

Cyperus  albus  Presl,  Rel.  Haenk.  1    (1828)   175. 

This  was  placed  by  me  under  the  doubtful  and  excluded 
species  of  Pycreus,  because  of  PresPs  description  stating  that 
it  has  two  style  arms.  The  type  was  from  Luzon.  I  have  seen 
only  a  very  small  fragment  of  Haenke's  specimen,  and  most  of 
the  styles  are  two-armed;  it  does  not  appear,  however,  to  be  a 
Pycreus,  but  is  suggestive  of  Cyperus  stoloniferus  Retz.,  which 
it  probably  represents.  An  unnamed  specimen  from  Mexico, 
Palmer  377,  also  rather  closely  resembles  Haenke's  specimen,  as 
far  as  comparisons  are  possible  with  merely  very  fragmentary 
material  of  the  latter. 

Genus  FIMBRISTYLIS  Vahl 

FIMBRISTYLIS   PILOSA   Vahl. 

Fimbristylis  pilosa  Vahl,  Presl,  Rel.  Haenk.  1    (1828)  191. 

The  identification  of  Haenke's  Sorsogon  plant  as  representing 
VahPs  species  is  probably  correct.  In  placing  the  record  of  this 
as  Philippine  under  the  doubtful  and  excluded  species  I  stated 
that  the  specimen  probably  represents  a  form  of  Fimbristylis 
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annua  R.  and  S.    An  examination  of  Haenke's  specimen  shows 
this  to  be  the  correct  disposition  of  this  Philippine  record. 

FAGACEJE 
Genus  QUERCUS  Tournefort 

QUERCUS  BUDDII  nom.   nov. 

Quercus  robinsonii  Merr.  in  Philip.  Journ.  Sci.  10   (1915)   Bot.  297, 

non  Ridl.   (1914). 
Synaedrys  robinsonii  Koidz.  in  Bot.  Mag.  Tokyo  30  (1916)  192. 
Lithocarpus  robinsonii  Rehd.  in  Journ.  Arnold  Arb.   1    (1919)    130. 

My  original  specific  name  for  the  species  of  central  Luzon  is 
invalidated  by  Quercus  robinsonii  Ridl.,  a  species  of  the  Malay 
Peninsula  described  one  year  earlier.  The  new  name  proposed 
here  is  derived  from  Dr.  C.  B.  Robinson's  middle  name. 

TILIACEiE 
Genus  BROWNLOWIA  Roxburgh 

BROWNLOWIA  ARGENTATA  Kurz. 

Brownlowia  argentata  Kurz  in  Journ.  As.  Soc.  Bengal  39  2  (1870) 
67;  Scheff.  in  Nat.  Tijd.  Ned.  Ind.  34  (1874)  94. 

Brownlowia  riedelii  Hemsl.,  Bot.  Challenger  Exped.  13  (1885)  128; 
Merr.,  Enum.  Philip.  PL  PL  3  (1923)  22;  Ridl.,  Fl.  Malay  Penin. 
1    (1922)   292. 

Brownlowia  lepidota  Warb.  in  Bot.  Jahrb.  18  (1893)  200. 

Malay  Peninsula,  Borneo,  Mindanao,  Moluccas,  Wetter,  New 
Guinea,  along  tidal  streams  and  on  or  near  the  seashore. 

Kurz's  type  was  from  Buru  Okie  (Boeroe-oki)  in  the  Moluccas, 
a  specimen  collected  by  Teysmann.  The  native  name  cited  by 
him,  atun  laut  (laut,  ocean),  clearly  indicates  that  Teysmann's 
specimen  was  a  strand  plant.  The  description  in  all  respects 
applies  to  the  form  later  described  by  Hemsley  as  Brownlowia 
riedelii,  type  from  Wetter,  near  the  west  end  of  Timor,  south- 
eastern Moluccas,  and  still  later  by  Warburg  as  Brownlowia 
lepidota,  type  from  Finschhafen,  New  Guinea. 

MELASTOMATACE^E 

Genus  MEMECYLON  Linnaeus 

MEMECYLON   LITTORALE   nom.  nov. 

Memecylon  revolutum  Merr.  in  Philip.  Journ.  Sci.  8  (1913)  Bot.  226; 
Enum.  Philip.  Fl.  PL  3    (1923)   216,  non  Thwaites. 

This  new  name  for  the  species  of  northern  Luzon  is  needed, 
as  the  one  I  originally  used  is  preoccupied  for  the  Ceylon  species 
described  by  Thwaites. 
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SYMPLOCACEJE 
Genus  SYMPLOCOS  Jacquin 

SYMPLOCOS    ILOCANA    nom.    nov. 

Symplocos  brachybotrys  Merr.  in  Philip.  Journ.  Sci.  14   (1919)  447, 
non  Merr.  in  Journ.  Straits  Branch  Roy.  As.  Soc.  76   (1917)   110. 

Luzon,  Ilocos  Norte  Province,  Bur.  Sci.  33277  Ramos. 

A  new  name  is  needed  for  this  Philippine  species,  as  in  pub- 
lishing it  I  overlooked  the  fact  that  I  had  already  used  the  same 
name  for  an  entirely  different  Bornean  species. 

RUBIACEiE 
Genus  CANTHIUM  Lamarck 

(Plectronia  auctt.,  non  Linn.) 

It  becomes  necessary  to  adopt  Lamarck's  generic  name  for 
the  group  which  many  modern  botanists  have  designated  as 
Plectronia.  The  Linnean  genus  was  based  on  a  single  species, 
Plectronia  ventosa  Linn.,4  the  generic  description  being  based  on 
an  actual  specimen,  except  for  the  fruit  and  seed  characters, 
which  were  taken  from  Burman.  The  specimen  is  an  Olinia, 
and  this  single  genus  forms  the  family  Oliniaceae.  Linnaeus  was 
in  error  in  adding  the  fruit  and  seed  characters  from  Burman 
and  in  adding  to  the  species  description  the  reference  to  "Burnt, 
afr.  257,  t.  9U"  which  is  Plectronia  (Canthium)  as  currently  in- 
terpreted. Apparently  most  botanists  who  have  accepted  Plec- 
tronia as  the  proper  name  of  this  rubiaceous  genus  interpreted  it 
from  the  reference  to  Burman  and  did  not  critically  scan  the 
generic  description  which  is  unmistakably  of  Olinia.  Olinia 
Thunberg  (1799),  unless  it  be  protected  by  ultimate  inclusion  in 
some  future  list  of  nomina  conservanda,  will  be  replaced  by 
Plectronia  Linnaeus  (1767) ,  and  the  family  Oliniaceae  would  have 
to  be  renamed. 

The  Philippine  species  described  under  Plectronia  are  here 
transferred  to  Canthium: 

CANTHIUM  BRUNNEUM   (Merr.)    comb.  nov. 

Plectronia  brunnea  Merr.  in  Philip.  Journ.  Sci.  17  (1920)  535;  Enum. 
Philip.  Fl.  PI.  3   (1923)  535. 

CANTHIUM    CORDATUM    (Merr.)    comb.    nov. 

Plectronia  cordata  Merr.  in  Philip.  Journ.  Sci.   12   (1917)   Bot.  166; 
Enum.  Philip.  Fl.  PI.  3   (1923)  535. 

4  Linnaeus,  C,  Mantissa  Plantarum  1    (1767)  6,  52. 
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CANTHIUM  CULIONENSE    (Elm.)    comb.   nov. 

Lasianthus  culionensis  Elm.,  Lean".  Philip.  Bot.  1    (1906)  11. 
Plectronia  culionensis  Merr.,  Enum.  Philip.  PL  PL  3   (1923)  535. 

CANTHIUM  DICOCCUM    (Gaertn.)    comb.  nov. 

Psydrax  diococcos  Gaertn.,  Fruct.  1    (1788)  125,  t.  26. 
Canthium  didymum  Gaertn.  f.,  Fruct.   3    (1805)    94. 
Plectronia  didyma  Elm.,  Leafl.  Philip.  Bot.  1    (1906)   28. 

CANTHIUM  ELLIPTICUM    (Merr.)   comb.  nov. 

Plectronia  elliptica  Merr.  in  Philip.  Journ.  Sci.  12  (1917)  Bot.  165; 
Enum.  Philip.  PI.  PL  3  (1923)  536. 

CANTHIUM  ELMERI  nom.  nov. 

Plectronia  gracilipes  Elm.,  Leafl.  Philip.  Bot.  3  (1911)  1008;  Merr., 
Enum.  Philip.  Fl.  PI.  3  (1923)  536,  non  Plectronia  gracilipes  Kurz 
(1877),  nee  Canthium  gracilipes  Kurz  (1872). 

CANTHIUM  PENICIS   (Merr.)   comb.  nov. 

Plectronia  fenicis  Merr.  in  Philip.  Journ.  Sci.  8  (1913)  Bot.  50;  Enum. 
Philip.  PL  PL  3   (1923)  536. 

CANTHIUM   GLANDULOSUM    (Blanco)    comb.   nov. 

Ixora  glandulosa  Blanco,  Fl.  Filip.   (1837)   61. 

Plectronia  glandulosa  Merr.,  Sp.  Blancoanae  (1918)  365;  Enum. 
Philip.  PL  PL  3   (1923)  536,  cum  syn. 

CANTHIUM   LEYTENSE   (Merr.)   comb.  nov. 

Plectronia  leytensis  Merr.  in  Philip.  Journ.  Sci.  8  (1913)  Bot.  49; 
Enum.  Philip.  Fl.  PL  3   (1923)  537. 

CANTHIUM  MABESAE    (Elm.)   comb.  nov. 

Plectronia  mabesae  Elm.,  Leafl.  Philip.  Bot.  8  (1919)  3099;  Merr., 
Enum.  Philip.  Fl.  PL  3   (1923)  537. 

CANTHIUM   MEGACARPUM    (Merr.)    comb.   nov. 

Plectronia  megacarpa  Merr.  in  Philip.  Journ.  Sci.  4  (1909)  Bot.  326; 
Enum.  Philip.  Fl.  PL  3  (1923)  537. 

CANTHIUM  MONSTROSUM   (A.  Rich.)    comb.  nov. 

Plectronia  monstrosa  A.  Rich.,  Mem.  Rub.  (1830)  109;  Merr.,  Enum. 
Philip.  Fl.  PL  3    (1923)   538,  cum  syn. 

CANTHIUM    OBOVATIFOLIUM    (Merr.)    comb.    nov. 

Plectronia  obovatifolia  Merr.  in  Philip.  Journ.  Sci.  12  (1917)  Bot. 
167. 

CANTHIUM  OLIGOPHLEBIUM   (Merr.)   comb.  nov. 

Plectronia  oligophlebia  Merr.  in  Philip.  Journ.  Sci.  17  (1920)  442; 
Enum.  Philip.  Fl.  PL  3   (1923)  538. 

CANTHIUM  PAUCINERVIUM    (Merr.)    comb.  nov. 

Plectronia  paucinervia  Merr.  in  Philip.  Journ.  Sci.  8  (1913)  Bot.  51; 
Enum.  Philip.  Fl.  PL  3   (1923)   538. 
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CANTHIUM   RAMOSII    (Merr.)    comb.   nov. 

Plectronia  ramosii  Merr.  in  Philip.  Journ.  Sci.  17  (1920)  443;  Enum. 
Philip.  Fl.  PI.  3    (1923)   539. 

CANTHIUM   SARCOCARPUM    (Merr.)    comb.   nov. 

Plectronia  sarcocarpa  Merr.  in  Philip.  Journ.  Sci.  10  (1915)  Bot.  114. 

CANTHIUM  SUBCAPITATUM    (Merr.)    comb.  nov. 

Plectronia  subcapitata  Merr.  in  Philip.  Journ.  Sci.   17    (1920)    443; 
Enum.  Philip.  Fl.  PI.  3    (1923)    539. 

CANTHIUM   SUBSESSILIFOLIUM    (Merr.)    comb.   nov. 

Plectronia  sub sessili folia  Merr.  in  Philip.  Journ.  Sci.  12   (1917)  Bot. 
168. 

CANTHIUM  WENZELII   (Merr.)   comb.  nov. 

Plectronia  wenzelii  Merr.  in  Philip.  Journ.  Sci.   9    (1914)    Bot.  387. 

The  remaining  species  have  already  been  considered  by  various 
authors  under  Canthium.  Plectronia  gynochthodes  Merr.  be- 
comes Canthium  gynochthodes  Baill.,  Plectronia  horrida  Benth. 
and  Hook,  f .  becomes  Canthium  horridum  Blume,  and  Plectronia 
peduncularis  Vidal  becomes  Canthium  pedunculare  Cav. 


TRICHURIASIS:  RELATION  BETWEEN  THE  NUMBER  OF 

OVA  PER  GRAM  OF  FORMED  STOOL  AND  THE 

NUMBER  OF  FEMALE  WORMS 

HARBORED  BY  THE  HOST 

By  C.  Manalang 
Of  the  Philippine  Health  Service,  Manila 

This  article  deals  with  careful  observations  on  a  few  clinical 
and  autopsy  cases  previously  studied  for  the  purpose  of  deter- 
mining the  correlation  between  the  number  of  hookworm  ova 
per  gram  of  formed  stool  and  the  number  of  female  worms 
discharged  by  treatment  or  found  at  autopsy. 

The  egg-counting  method  and  autopsy  procedure  are  described 
in  the  two  preceding  articles  in  this  series,  on  Ancylostomiasis. * 

The  only  point  worthy  of  note  is  the  fact  that,  due  to  the  em- 
bedding of  the  thinner  portion  of  the  Trichuris  in  the  mucosa, 
care  was  taken  to  remove  all  the  worms  from  the  caecum  even 
at  the  risk  of  leaving  their  slender  portions.  No  adult  parasites 
were  ever  found  in  the  appendix,  the  ileum,  or  the  transverse 
colon.  The  portion  of  stool  removed  in  the  morgue  by  puncture 
of  the  caecum  to  make  possible  the  counting  of  the  eggs  was 
examined  well  for  adults,  and  a  good  many  were  thus  found. 
The  chance  of  losing  Trichuris  was  much  less  than  in  the  case 
of  hookworms,  because  of  their  size  and  habitat. 

The  sex  of  the  worms  is  easily  distinguished  by  the  naked 
eye,  as  the  male  has  a  spiral  thick  portion.  Only  one  or  two 
young  worms  were  encountered.  They  were  readily  recognized 
due  to  the  fact  that  they  are  small  and  white,  while  the  adults 
resemble  old  ivory  in  color. 

Table  1  shows  four  clinical  cases  of  trichuriasis,  with  pre- 
treatment  counts,  number  and  sex  of  the  worms  removed,  and 
posttreatment  counts.  The  treatment  was  by  means  of  cheno- 
podium  oil  the  method  of  administration  of  which  has  already 
been  described.  As  in  the  previous  studies,  the  egg  counts  per 
gram  of  stool  were  all  reduced  to  "formed  basis,"  using  Stoll's 

1  Philip.  Journ.  Sci.  33   (1927)  35-65. 
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factor  of  1,  2,  and  4  for  formed,  mushy,  and  diarrhceal  stools, 
respectively.  No  factor  for  the  number  of  ova  per  gram  per 
female  was  used,  it  being  one  of  the  objects  of  this  study  to 
determine  such,  if  possible. 

Since  chenopodium  does  not  expel  Trichuris  with  certainty, 
the  number  of  female  worms  recovered  in  the  forty-eight-hour- 
treatment  stools  could  not  be  said  even  to  represent  any  known 
percentage  of  the  total  worms  harbored;  this  could  be  deter- 
mined better  in  the  post-mortem  cases.  Experience  has  also 
taught  that  some  worms  might  have  been  expelled  after  the 
forty-eight  hours  or  not  expelled  at  all.  The  only  object  in 
presenting  Table  1  is  to  show  the  variability  of  the  egg  counts. 
Control  counts  were  made  four  to  five  days  after  treatment. 
In  case  the  patient  failed  to  pass  a  stool  in  the  second  twenty- 
four  hours,  stools  for  the  third  twenty-four  hours  were  saved. 

CLINICAL  CASES 

Table  1  shows  the  protocols  of  four  clinical  cases. 

Case  1,  with  200  ova  per  gram  before  treatment,  showed 
2,025  per  gram  after  treatment.  Either  worms  were  not  ex- 
pelled at  all,  or  were  expelled  after  forty-eight  hours,  but  the 
discrepancy  is  apparent  and  cannot  well  be  attributed  to  errors 
in  counting. 

Case  2  showed  2,100  ova  per  gram  before  treatment,  and  none 
after  treatment.  Here  again  the  worms  might  have  been  passed 
after  forty-eight  hours. 

Case  3  had  1,400  ova  per  gram,  and  treatment  removed  7 
males  and  6  females.  The  control  count  showed  900  ova  per 
gram,  apparently  only  a  slight  diminution  in  the  post-treatment 
egg  count  when  some  worms  might  have  been  passed  after  forty- 
eight  hours. 

Case  4  was  almost  the  reverse  of  case  3,  showing  diminution 
from  900  ova  per  gram  before  treatment  to  150  after  treatment, 
which  removed  only  one  unclassified  worm.  Again,  some  might 
have  been  passed  after  forty-eight  hours. 

POST-MORTEM  CASES 

Tables  2  to  14  present  the  data  from  eighteen  cadavers,  show- 
ing sigmoidal  or  rectal  counts  in  the  first  six  cases  (Table  2) 
and  regional  (ileal,  csecal,  transversal,  and  sigmoidal  or  rectal) 
in  the  rest  of  the  cases.  In  view  of  the  nature  of  the  causes 
of  death  of  cases  8,  11,  17,  and  18,  they  were  classified  as 
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normal  controls.  Due  to  absence  of  intestinal  pathology  in  cases 
2,  6,  7,  9,  and  14,  they  could  also  be  considered  normal  controls. 
Cases,  1,  3,  4,  5,  10,  12,  13,  15,  and  16  all  had  intestinal  pathology 
which  might  have  influenced  the  females  and  their  egg  output 
or  have  produced  mechanical  hindrance  or  rapid  deposition  of 
the  stools  of  the  host  during  life.  For  the  purpose  of  clearness 
the  above  classifications  are  designated  as  groups  1,  2,  and  3, 
in  which  groups  1  and  2  are  control  cases  and  group  3  contains 
cases  with  intestinal  pathology. 

Considering  control  cases  7,  8,  9,  11,  14,  17,  and  18  (cases  of 
groups  1  and  2  counted  regionally  only)  there  were  31,625  ova 
in  the  caecum,  12,750  ova  in  the  transverse,  and  10,275  ova  in 
the  sigmoid  or  rectum  per  gram  of  stool  reduced  to  "formed 
basis."  The  total  number  of  female  worms  recovered  from 
these  cases  was  59;  therefore,  each  female  was  represented  by 
536  ova  per  gram  of  stool  in  the  caecum,  216  ova  in  the  transverse, 
and  174  in  the  sigmoid  or  rectum,  with  an  average  of  308  ova 
per  gram  of  stool,  "formed  basis,"  for  the  three  regions  in  the 
control  cases  and  the  cases  without  intestinal  pathology. 

When  all  the  egg  counts  in  the  nine  control  cases  (2,  6,  7, 
8,  9,  11,  14,  17,  and  18)  without  intestinal  pathology  (both 
regionally  and  sigmoidally  counted  cases)  were  added,  there  was 
a  total  of  58,550  ova  from  twenty-three  regions.  The  number 
of  females  recovered  from  the  cases  counted  regionally  was  mul- 
tiplied by  3  while  those  counted  sigmoidally  were  taken  as 
counted.  The  total  for  the  twenty-three  regions  was  188  female 
worms,  or  311  ova  per  gram  of  stool  per  female,  in  the  nine 
cases  computed  regionally  and  sigmoidally.  The  Trichuris  egg 
factor  per  gram  of  stool,  "formed  basis,"  per  female,  may  there- 
fore be  placed  at  around  310  in  this  series. 

Cases  with  intestinal  pathology,  counted  regionally  (cases  10 
12  13,  15,  and  16),  gave  a  total  of  11,750  ova  in  the  caecum,' 
5,400  ova  m  the  transverse,  and  4,950  ova  in  the  sigmoid  or 
rectum,  deposited  by  a  total  of  11  female  worms,  or  1,068  ova 
per  gram  per  female  in  the  oecum,  491  in  the  transverse  colon 
and  450  m  the  sigmoid  or  rectum,  with  an  average  of  669  ova 
for  all  three  regions. 

It  is  evident  that  in  the  cases  counted  regionally,  regardless 
o±  the  condition  of  the  alimentary  tract,  the  number  of  Trichuris 
ova  per  gram  of  csecal  stool  is  higher  than  the  number  in  either 
the  transverse  colon  or  the  sigmoid.  This  is  probably  due  to 
the  parasitic  concentration  and  faecal  stasis  in  the  csecum 
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It  is  also  apparent  that  the  number  of  ova  per  gram  of  stool 
per  female  in  the  cases  with  intestinal  pathology  was  about 
twice  the  number  obtained  in  cases  without  intestinal  pathology. 

Examination  of  the  tables  will  show  marked  variation  be- 
tween the  number  of  ova  per  gram  per  female  worm,  considering 
the  number  of  females  found,  and  the  number  of  ova  per  gram 
per  female  found  when  considered  regionally;  namely,  from  50 
ova  per  gram  of  stool  per  female  in  case  7  to  2,250  ova  per 
gram  of  stool  per  female  in  case  14,  both  without  intestinal 
pathology,  and  from  61  ova  per  gram  of  stool  per  female  in 
case  3  to  8,392  ova  per  gram  of  stool  per  female  in  case  1,  two 
cases  with  intestinal  pathology.  These  figures  were  obtained 
by  taking  the  average  count  for  three  regions  surveyed  (caecum, 
transverse,  and  sigmoid)  in  each  case  dividing  by  the  number 
of  female  worms  recovered  from  the  case. 

Regionally,  case  8,  a  rapid  death  by  suicide,  gave  679  ova  per 
gram  of  stool  per  female  in  the  caecum,  121  ova  in  the  transverse, 
and  208  ova  per  gram  per  female  in  the  sigmoid. 

Case  1  gave  the  high  sigmoidal  count  of  8,392  ova  per  gram 
per  female.  A  faecal  fistula  was  established  about  a  week  be- 
fore death.  This  may  be  explained  by  the  fact  that  the  fistula 
drained  well  and,  since  no  intestinal  contents  passed  the  obstruc- 
tion and  no  normal  stools  passed  per  rectum  during  the  time, 
the  colon  stool  remained  unmoved  while  the  worms  continued 
to  lay  eggs;  unfortunately,  regional  counts  were  not  made  in 
this  case.  Proctoclysis  was  given.  The  females  may  have  been 
good  egg  layers,  or  the  faecal  stasis  favored  egg  deposition. 

Case  3,  however,  with  faecal  fistula  for  two  weeks  and  no 
normal  stool  per  rectum  since  the  date  of  operation  (one  month 
before  death),  did  not  show  evidence  of  egg  accumulation  (61 
ova  per  gram  per  female),  which  may  have  been  prevented  by 
the  frequent  enemas  given.  Even  if  a  faecal  fistula  had  been 
present,  there  was  no  obstruction  in  the  colon;  so  that  very 
likely  there  was  less  stagnation  in  the  colon.  This  may  have 
been  a  case  of  poor  egg-laying  females  or  of  unfavorable  en- 
vironment for  egg  laying. 

Case  7  showed  a  rather  low  egg  count  (50  ova  per  gram  per 
female,  average  for  three  regions  counted),  in  the  absence  of 
intestinal  pathology. 

Two  cases  of  typhoid  fever  (cases  4  and  12)  with  intestinal 
haemorrhage  gave  similar  egg  counts  (150)  per  gram  of  stool 
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per  female ;  but  case  10,  also  of  typhoid  fever  with  haemorrhage, 
gave  1,875  ova  for  the  sigmoid,  1,575  ova  for  the  transverse, 
and  3,825  ova  for  the  caecum  per  gram  of  stool  per  female. 
This  was  another  case  of  good  egg-laying  females.  The  pres- 
ence of  ova  in  the  ileal  content  is  explained  by  the  large  ulcera- 
tions on  the  ileocaecal  valve,  which  permitted  regurgitation  of 
the  caecal  content. 

Case  14,  with  death  from  pneumococcic  meningitis,  showed 
750  ova  for  the  sigmoid,  1,050  ova  for  the  transverse,  and  4,950 
ova  for  the  caecum  per  gram  of  stool  from  a  single  female 
recovered;  this  is  another  case  of  high  egg  production. 

Case  16  (death  following  ptomain  poisoning,  with  diarrhoea 
and  vomiting,  symptoms  which  were  stopped  by  the  adminis- 
tration of  heavy  doses  of  opiates  forty-eight  hours  before  death), 
clearly  showed  fewer  ova — 1,700  per  gram  in  the  caecum,  300 
ova  per  gram  in  the  transverse,  and  none  in  the  rectum.  The 
decrease  was  probably  due  to  diarrhoea. 

Relatively  high  caecal  counts  were  evident  in  cases  8,  10,  11, 
12,  13,  14,  16,  17,  and  18  (75  per  cent  of  all  the  cases  counted 
regionally).  In  these  nine  cases  were  included  all  of  group  1, 
normal  controls  (cases  8,  11,  17,  and  18),  one  case  without  in- 
testinal pathology  (group  2,  case  14),  two  cases  of  typhoid 
fever  (cases  10  and  12),  the  case  of  amoebiasis  (case  13),  and 
the  case  of  ptomain  poisoning  (case  16). 

This  high  caecal  count  could  not  have  been  due  to  volumetric 
variation  in  the  stool,  as  the  caecum  usually  contained  a  consider- 
able amount  of  stool.  It  was  probably  due  to  parasitic  concen- 
tration, stasis,  or  a  biological  reaction  of  the  female  to  the 
environment. 

Relatively  lower  caecal  counts  were  observed  in  case  7  (pul- 
monary tuberculosis  with  haemorrhage),  case  9  (with  beriberi), 
and  case  15  (a  violently  insane  American  the  autopsy  findings 
on  whom  were  meningeal  and  subdural  haemorrhage  with  about 
2  kilograms  of  dry  impacted  stools  in  the  colon). 

In  the  light  of  the  factor  (310  ova  per  gram  of  stool  per 
female  Triclmris)  obtained  in  groups  1  and  2  (cases  of  sudden 
death  and  deaths  without  intestinal  pathology),  the  variations 
in  the  folowing  cases  are  evident. 

Case  1  (with  the  very  high  count  of  8,392  ova  per  female 
found)  and  case  12  (with  the  relatively  low  count  of  150  ova 
per  female  if  only  one  was  present,  though  not  recovered)  were 
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due  to  fsecal  stasis  in  the  former,  and  to  intestinal  haemorrhage 
in  the  latter,  both  mechanical  factors.  Case  3  (with  repeated 
enemas)  gave  the  low  sigmoid  count  of  61  ova  per  gram  per 
female. 

Biological  factors  seem  to  have  produced  high  counts  in  cases 
10,  13,  and  14;  to  these  may  be  added  case  1.  Low  count  was 
evident  in  case  7.  In  spite  of  hemorrhage  from  typhoid  fever 
ulcers,  case  10  gave  3,825,  1,575,  and  1,875  ova  per  gram  of 
stool  per  female  in  the  caecum,  transverse,  and  sigmoid,  re- 
spectively; the  regurgitation  of  ova  into  the  ileum  has  already 
been  mentioned.  The  count  for  case  13  was  apparently  mod- 
erately high  in  the  presence  of  amoebic  ulcerations,  while  case 
14,  in  the  absence  of  intestinal  pathology,  with  4,950,  1,050, 
and  750  ova  per  gram  of  stool  per  female  in  the  caecum,  trans- 
verse, and  sigmoid,  respectively,  can  be  explained  only  by  a 
high  rate  of  egg  production  of  the  single  female  worm  found. 

In  view  of  the  highly  resistant  nature  of  the  shell  of  the  ova 
it  is  likely  that  ovolysis  would  not  take  place,  though  it  is  very 
peculiar  that  ova  were  not  seen  in  the  rectal  stool  of  case  15, 
although  ova  were  present  in  the  csecum  and  transverse.  This 
case  also  failed  to  show  hookworm  ova  in  the  rectal  stool  by 
the  counting  method,  in  spite  of  the  470  female  worms  found. 

SUMMARY 

1.  Trichuris  egg  counts  were  made  carefully  on  four  clinical 
cases  and  eighteen  fresh  cadavers,  previously  studied  under  an- 
cylostomiasis. 

2.  The  clinical  cases  showed  unreasonable  variations  between 
the  pretreatment  and  the  posttreatment  counts. 

3.  Rectal  or  sigmoidal  counts  were  made  in  six  of  the  eighteen 
cadavers,  and  regional  (ileum,  csecum,  transverse,  and  rectum 
or  sigmoid)  in  twelve. 

4.  The  cases  were  classified  into  normal  controls,  or  cases 
who  died  of  violence,  suddenly,  or  of  some  disease  without  in- 
testinal pathology  (nine  cases),  and  pathological  controls,  or 
cases  with  intestinal  pathology,  either  organic  or  functional 
(nine  cases). 

5.  The  Trichuris  egg  factor  was  found  to  be  around  310  ova 
per  gram  of  "random"  stool,  "formed  basis,"  per  female  worm, 
for  nine  control  cases,  computed  from  twenty-three  regions. 
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6.  The  average  number  of  ova  per  gram  of  stool  per  female 
found  for  the  caecum,  transverse,  and  sigmoid  in  cases  with 
intestinal  pathology  was  about  twice  that  found  in  cases  without 
intestinal  pathology — 669  in  the  former,  and  310  in  the  latter. 

7.  Regardless  of  the  condition  of  the  alimentary  tract,  the 
number  of  ova  per  gram  of  stool  in  the  caecum  per  female  worm 
was  about  equal  to  that  in  the  transversal  and  sigmoidal  stools 
combined. 

8.  Relatively  high  caecal  counts  were  evident  in  75  per  cent 
of  all  cases  surveyed  regionally.  This  was  due  probably  to 
parasitic  concentration,  to  faecal  stasis,  or  to  biological  reaction 
of  the  female  to  the  environment.  Based  on  the  number  of 
females  found,  marked  variations  in  egg  counts  were  observed 
between  similar  cases  and  between  intestinal  regions  of  the  same 
case  in  both  the  normal  and  the  pathological  controls. 

9.  In  one  case  of  typhoid  fever,  Trichuris  ova  were  found  in 
the  ileum  owing  to  regurgitation  of  caecal  contents  through  a 
badly  ulcerated  ileocaecal  valve. 

10.  In  view  of  the  highly  resistant  nature  of  the  eggshell  it 
is  likely  that  ovolysis  was  not  responsible  for  the  low  counts 
observed,  though  one  case  (15)  seems  to  suggest  this  possibility. 

11.  The  variations  observed  in  the  egg  counts  appeared  to 
be  influenced  by  mechanical  and  biological  factors. 
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Stool  from — 

Remarks. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

Type  of  stool __ 

(b) 
0 
0 
0 

00 
75 
150 
75 

(b) 
75 
150 
75 

Autopsy  findings,  acute  anae- 
mia  and   asphyxia   due    to 
massive  pulmonary  haemor- 
rhage in  chronic  ulcerative 
and     miliary      tuberculosis 
of  both  lungs. 

Ova  per  gram. 

Ova,  reduced  to  "formed  basis"... 
Ova  per  female,  by  region 

a  Total   parasites   found,   2   males   and    2   females.  b  Mushy. 

Table  4. — Showing  egg  counts  in  case  8,  B.F.* 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis' 
Ova  per  female,  by  region 


Stool  from- 


Ileum. 


(b) 


Caecum. 


C) 
21,050 
21,050 
679 


Trans- 
verse. 


<•) 
3,750 
3,750 
121 


Sigmoid 

or 
rectum. 


(•) 
6,450 
6,450 
208 


Remarks. 


Acute  anaemia  and 
haemothorax  with 
atelectasis  of  the 
left  lung  due  to 
self-inflicted  wound. 


a  Total    parasites    found,    84    males    and    31    females.  «>  Mushy.  c  Formed. 

Table  5. — Showing  egg  counts  in  case  9,  A.F.a 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis' 
Ova  per  female,  by  region 


Stool  from — 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 

or 
rectum. 

(b) 

(c) 

(c) 

(•) 

0 

3,150 

6,300 

1,050 

0 

3,150 

6,300 

1,050 

0 

315 

630 

105 

Remarks. 


Death  due  to  pul- 
monary oedema 
and  hydropleura, 
secondary  to  dila- 
tation of  beriberic 
heart. 


8  Total   parasites  found,   9  males  and  10  females. 


b  Mushy. 


5  Formed. 
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Stool  from — 

Remarks. 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 

or 
rectum. 

Type  of  stool _         

(b) 
100 
400 
200 

3,825 
7,650 
3,825 

(c) 
1,575 
3,150 
1,575 

(c) 
1,875 
3,750 
1,875 

Typhoid  with  intes- 
tinal haemorrhage. 

Ova  per  gram 

Ova,  reduced  to  "formed  basis". . 
Ova  per  female,  by  region 

a  Total    parasites    found,    3    males    and    2    females.  b  Diarrhoeal.  c  Mushy. 

Table  7. — Showing  egg  counts  in  case  11,  P.C.* 


Stool  from — 

Remarks. 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

Type  of  stool _ 

(b) 
0 
0 
0 

(c) 
450 
450 
150 

(c) 
450 
450 
150 

(c) 
300 
300 
100 

Acute  anaemia  due  to 
postpartum     haem- 
orrhage. 

Ova  per  gram _   __ 

Ova,  reduced  to  "formed  basis". . 
Ova  per  female,  by  region 

a  Total   parasites   found,   2   males   and    3    females.  b  Mushy.  c  Formed. 

Table  8. — Showing  egg  counts  in  case  12,  P.SS 


Stool  from — 

Remarks. 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

Type  of  stool _   _ 

(b) 
0 
0 
0 

(b) 
75 
150 
150 

(b) 
75 
150 
150 

(b) 
0 
0 
0 

Typhoid    fever    with 
intestinal     haemor- 
rhage. 

Ova  per  gram .. 

Ova,  reduced  to  "formed  basis". . 
Ova  per  female,  by  region 

a  Total    parasites    found,    3    males.  *>  Mushy. 

Table  9. — Showing  egg  counts  in  case  13,  A.S.a 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis". . 
Ova  per  female,  by  region 


Stool  from— 


Ileum. 


(b) 


Caecum. 


(b) 
825 
1,650 
825 


Trans- 
verse. 


(b) 
225 
450 
225 


Sigmoid 
or  rec- 
tum. 


(b) 
600 
1,200 
600 


Remarks. 


Amoebic  abscess  of 
the  right  lobe  of 
the  liver,  extending 
into  the  right 
lung,  and  chronic 
ulcerative  colitis. 


a  Total   parasites   found,    1   male   and   2    females. 


b  Mushy. 
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Table  10. — Showing  egg  counts  in  case  1U>  L.IS 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis" 
Ova  per  female,  by  region 


Stool  from- 


Ileum. 


(b) 


Caecum. 


(b) 
2,475 
4,950 
4,950 


Trans- 
verse. 


(b) 
525 
1,050 
1,050 


Sigmoid 
or  rec- 
tum. 


O 
750 
750 
750 


Remarks. 


Suppurative  lepto- 
meningitis due  to 
pneumococcus. 


a  One  female    parasite  found. 


b  Mushy. 


c  Formed. 


Table  11. — Showing  egg  counts  in  case  15,  M.N.H.* 


Stool  from — 

Remarks. 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

Type  of  stool...  _   __ 

(b) 
0 
0 

(c) 
600 
600 

(c) 
1,350 
1,350 

(c) 
0 
0 

Autopsy  findings,  me- 
ningeal   congestion 
and    cedema    with 

Ova  per  gram..    .   _ . 

Ova,  reduced  to  "formed  basis". . 

Ova  per  female,  by  region 

0 

150 

340 

0 

subdural   and   me- 
ningeal    haemor- 
rhage.   A  case  of  in- 
sanity. Colon  pack- 
ed with  no  less  than 
2  kilograms   of  dry 
stool  in  the  form  of 
balls,  in  the  sigmoid 

and  rectum. 

a  Total  parasites   found,    2    males   and   4   females.  *  Mushy.  c  Formed. 

Table  12. — Showing  egg  counts  in  case  16,  V.F.a 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis' 
Ova  per  female,  by  region 


Stool  from — 

Remarks. 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

(b) 

(c) 

<•) 

(c) 

Acute     gastroentero- 

0 

850 

150 

0 

colitis  in   ptomain 

0 

1,700 

300 

0 

poisoning.       Diar- 

0 

566 

100 

0 

rhoea    and    vomit- 
ing,   stopped    two 
days  before  death 
by  opiates.       Pa- 
tient   said    to    be 
demented. 

a  Total  parasites  found,  2  males   and  3  females. 


b  Diarrhoea!. 


c  Mushy. 


22  The  Philippine  Journal  of  Science 

Table  13. — Showing  egg  counts  in  case  17,  L.L.* 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis". . 
Ova  per  female,  by  region 


Stool  from- 


Ileum. 


(b) 


Caecum. 


(•) 
1,425 
1,425 
142 


Trans- 
verse. 


(c) 
450 
450 
45 


Sigmoid 
or  rec- 
tum. 


(c) 
1,425 
1,425 
142 


Remarks. 


Sudden  death,  due 
to  cerebral  haemor- 
rhage. 


a  Total  parasites  found,  7   males  and   10   females.  b  Mushy.  c  Formed. 

Table  14. — Showing  egg  counts  in  case  18 ,  M.A.* 


Type  of  stool 

Ova  per  gram 

Ova,  reduced  to  "formed  basis. 
Ova  per  female,  by  region 


Stool  from — 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

(b) 
75 
150 
75 

(b) 
0 
0 
0 

(b) 
300 
600 
300 

(b) 
300 
600 
300 

Remarks. 


Acute  anaemia  due  to 
deep  incised  wound 
of  the  neck 


*  Two    female    parasites     found. 


b  Mushy. 


ASCARIASIS:   RELATION  BETWEEN  THE  NUMBER  OF 

OVA  PER  GRAM  OF  FORMED  STOOL  AND 

THE  NUMBER  OF  FEMALE  WORMS 

HARBORED  BY  THE  HOST 

By  C.  Manalang 
Of  the  Philippine  Health  Service,  Manila 

These  observations  were  carefully  made  on  clinical  and  au- 
topsy cases  studied  previously  under  ancylostomiasis.  The  egg- 
counting  method  and  autopsy  procedure  are  described  in  the  two 
articles  in  this  series  on  ancylostomiasis.1  Due  to  the  migratory 
habits  of  Ascaris,  attention  in  clinical  cases  was  directed  to  the 
vomiting  up  of  the  parasites,  and  in  the  morgue  the  stomach, 
trachea,  and  oesophagus  were  examined.  Due  to  the  freshness 
and  lightness  of  infection  in  the  cadavers  studied,  migrations 
were  not  observed.  Only  adult  female  worms  were  considered  in 
this  study  and  they  were  identified  by  their  large  size  and  by 
the  presence  of  ova  in  their  uteri.  The  males  were  identified 
by  the  curved  caudal  end,  their  smaller  size,  and  the  spicules. 

The  clinical  cases  are  submitted  only  for  the  purpose  of  show- 
ing the  variability  of  egg  counts.  The  number  of  worms  re- 
covered cannot  be  taken  to  represent  any  definite  percentage  of 
the  total  harbored.  Many  of  the  worms  were  expelled  in  the 
second  twenty-four-hour  stools;  collection  of  forty-eight-hour- 
treatment  stools  was  the  rule,  except  when  the  patient  passed  no 
stool  in  the  second  twenty-four  hours,  in  which  case  the  third 
twenty-four-hour  stools  were  collected.  It  was  likely,  therefore, 
that  some  worms  were  lost  after  the  forty-eighth  hour. 

The  treatment  administered  was  oil  of  chenopodium,  described 
in  the  first  article  on  ancylostomiasis,  and  the  control  counts 
were  made  four  to  five  days  after  the  treatment. 

One  of  the  objects  of  these  observations  was  to  determine  the 
Ascaris  egg  factor  per  gram  of  stool,  "formed  basis,"  per  adult 
female  worm. 

Examination  of  the  clinical  cases  (Table  1)  shows  that  case 
1,  which  discharged  at  least  1  adult  female  worm,  showed  no  ova 

Philip.  Journ.  Sci.  33   (1927)   35-65. 
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in  the  pretreatment  count.  Very  likely  there  were  a  few,  though 
they  were  not  encountered. 

Case  6  had  4,800  pretreatment  and  4,350  posttreatment  ova 
per  gram,  "formed  basis,"  in  spite  of  the  discharge  of  at  least 
7  adult  worms  (not  classified  as  to  sex)  ;  this  suggests  an  ap- 
parent acceleration  of  egg  production  by  the  remaining  females 
after  treatment. 

Case  9  showed  47,300  pretreatment  and  47,025  posttreatment 
ova  per  gram  of  stool,  in  spite  of  the  removal  of  13  adult  females 
by  treatment.     (Compare  with  case  6.) 

Tables  2  to  9  show  the  data  from  the  eleven  autopsy  cases,  of 
which  five  (cases  2,  5,  6,  10,  and  11)  could  be  considered  normal 
controls  due  to  the  absence  of  intestinal  pathology,  and  6  (cases 
1,  3,  4,  7,  8,  and  9),  pathological  controls. 

The  total  number  of  ova  in  five  control  cases  by  region  (sev- 
enteen regions)  is  63,925.  In  cases  5,  6,  10,  and  11  the  total 
number  of  female  worms  found  was  multiplied  by  4,  because 
they  were  counted  regionally.  The  total  number  of  female 
worms  thus  computed  for  seventeen  regions  is  45,  or  about  1,420 
ova  per  gram  of  stool,  "formed  basis,"  per  female.  This  may  be 
taken  as  the  egg  factor  for  this  series  of  normal  controls.  By 
the  same  computation,  cases  1,  3,  4,  7,  8,  and  9  (cases  with  in- 
testinal pathology)  gave  24,800  ova  and  17  female  worms  for 
fifteen  regions,  or  1,460  ova  per  gram  of  stool  per  female. 

Using  the  Ascaris  egg  factor  of  1,420,  obtained  in  the  series 
without  intestinal  pathology,  the  following  points  become  evi- 
dent in  the  cases  studies :  Cases  3,  4,  and  7,  which  gave  no  egg 
counts,  might  be  explained  as  due  to  the  continuous  elimination 
of  the  intestinal  contents,  haemorrhage  in  typhoid  in  cases  3 
and  7,  and  diarrhoea  in  a  child  (case  4),  a  mechanical  cause 
of  the  disapperance  of  the  ova.  It  is  rather  unlikely  that  ovoly- 
sis  took  place  in  the  typhoid  cases  as  the  eggshell 2  is  of  a  re- 
sistant nature,  and  in  view  of  the  opposite  finding  in  case  8, 
also  of  typhoid  fever.  Biological  factors  seemed  at  work  on 
cases  6,  8,  9,  and  11  (with  high  counts)  and  on  case  5  (with  no 
count) .  That  no  ova  were  found  in  cases  3,  4,  and  7  may  also 
have  been  due  to  poor  egg  laying.  Case  6,  with  4,200,  3,400, 
1,750,  and  4,750  ova  per  gram  of  stool  in  the  ileum,  czecum', 
transverse,  and  sigmoid,  respectively,  to  the  one  female  found! 
died  a  violent  death.     Case  11  also,  whose  counts  were  as  high 

2Manalang,  C,  Philip.  Journ.  Sci.  33   (1927)  249-255. 
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as  those  of  case  6,  died  of  violence.  Cases  8  and  9  (even  in 
the  presence  of  typhoid  fever  with  haemorrhage  in  the  former  and 
ptomain  poisoning  in  the  latter)  both  showed  high  counts  (see 
Tables  6  and  7).  Case  2  (without  intestinal  pathology)  gave 
only  325  ova  per  gram  of  rectal  stool  to  the  female.  Case  5 
(a  case  of  ascariasis  intoxication  (?)  in  an  infant)  showed  no 
ova  in  the  rectal  stool  from  the  2  adult  females  found.  Case 
10  showed  625,  637,  975,  and  1,637  ova  per  gram  of  stool  from 
the  ileum,  csecum,  transverse,  and  sigmoid,  respectively,  for 
every  female  found.  This  is  possible  evidence  of  dehydration 
of  the  stools  containing  even  numbers  of  ova.  Case  1  (with 
intestinal  obstruction)  gave  a  slightly  higher  count  than  normal. 

SUMMARY 

1.  Ascaris  egg  counts  were  made  on  clinical  and  autopsy 
cases,  in  conjunction  with  hookworm  studies. 

2.  Eleven  clinical  cases  and  eleven  autopsy  cases  were  studied 
and  special  care  was  taken  not  to  lose  any  adult  worms. 

3.  The  clinical  cases  showed  unreasonable  discrepancies  be- 
tween pretreatment  and  posttreatment  counts  in  some  cases. 

4.  Of  the  eleven  autopsy  cases,  five  were  cases  without  organic 
or  evident  functional  pathology  of  the  intestines,  and  six  had 
pathologic  alimentary  tracts. 

5.  The  egg  factor  per  gram  of  stool,  "random"  specimen,  re- 
duced to  "formed  basis"  per  female,  was  found  to  be  about  1,420 
for  the  five  normal  cases,  computed  on  seventeen  intestinal  re- 
gions. 

6.  Six  cases  with  intestinal  pathology  gave  an  average  of  1,460 
ova  per  gram  per  female,  computed  on  fifteen  regions. 

7.  Mechanical  and  biological  factors  were  apparently  respon- 
sible for  the  variation  of  egg  counts  observed  between  cases  and 
in  the  same  case  when  the  regions  were  analyzed  in  the  light 
of  the  actual  number  of  adult  female  worms  found  and  of  the 
egg  factor. 

8.  Egg  destruction  in  vivo  cannot  be  considered  a  factor  in 
producing  variation  in  the  number  of  ova  in  pathological  controls 
due  to  the  resistant  nature  of  the  shell. 
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Table  2. — Showing  egg  counts  in  cases  1  to  4,  inclusive. 


Serial  No. 
of  patient. 

Name. 

Type 

of 
stool. 

Ova  per 
gram. 

Ova  re- 
duced to 
"formed 
basis." 

Parasites 
found. 

Ova  per 

gram  per 

female. 

Remarks. 

Male. 

Fe- 
male. 

1 

2 .__ 

3 

4 

M.A. 

B.L.. 
W.G. 

G.F._ 

P 

F 
M 

M 

3,750 

325 
0 

0 

3,750 

325 
0 

0 

1 

0 
3 

0 

2 

1 
2 

1 

1,875 

325 

(?) 

(?) 

Cause  of  death,  intestinal 
obstruction.  Faecal  fis- 
tula one  week  before 
death. 

Broncho-pneumonia. 

Typhoid  fever  with  intes- 
tinal haemorrhage. 

Catarrhal  enterocolitis  in 
a  child. 

Table  3. — Showing  egg  counts  in  case  5,  H.A.* 


Type  of  stool 

Ova  per  gram 

Ova  per  gram  reduced  to  "formed 


Ova  per  female,  by  region. 


Stool  from — 


Ileum. 


(b) 


(?) 
(?) 


Csecum. 


C) 


(?) 
(?) 


Trans- 
verse. 


<•) 


(?) 
(?) 


Sigmoid 
or  rec- 
tum. 


0») 


(?) 
(?) 


Remarks. 


Autopsy  findings, 
multiple  punctate 
haemorrhages  in  the 
brain  with  menin- 
geal congestion  and 
oedema,  possibly 
due  to  ascariasis. 
Patient  was  a  child 
of  13  months. 


»  Total  parasites  found,   4  males  and  2   females.  b  Mushy.  c  Formed. 

Table  4. — Showing  egg  counts  in  case  6,  B.FS 


Stool  from — 


Ileum. 


Caecum. 


Trans- 
verse. 


Sigmoid 
or  rec- 
tum. 


Remarks. 


Type  of  stool 

Ova  per  gram 

Ova  per  gram  reduced  to  "formed 
basis" 

Ova  per  female,  by  region 


(b) 
2,100 

4,200 
4,200 


C) 
3,400 

3,400 
3,400 


(c) 
1,750 

1,750 
1,750 


(c) 
4,750 

4,750 
4,750 


Death  due  to  acute 
anaemia  and  haem- 
orrhage, due  to 
self-inflicted  wound. 


a  Total   parasites   found,    1   male    and    1    female. 


b  Mushy. 


c  Formed. 
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Type  of  stool 

Ova  per  gram 

Ova  per  gram  reduced  to  "formed 
basis" 

Ova  per  female,  by  region 


Stool  from- 


Ileum. 


(b) 


(?) 
(?) 


Caecum. 


(c) 


(?) 
(?) 


Trans- 
verse. 


(c) 


(?) 
(?) 


Sigmoid 
or  rec- 
tum. 


(c) 


(?) 
(?) 


Remarks. 


Typhoid  fever  with 
intestinal  haemor- 
rhage. 


a  One   female    parasite    found.  b  Diarrhoeal.  c  Mushy. 

Table  6. — Showing  egg  counts  in  case  8,  P.S.* 


Type  of  stool 

Ova  per  gram 

Ova     per     gram,     reduced 

"formed  basis" 

Ova  per  female,  by  region. . . 


Stool  from — 


Ileum. 


(b) 


(?) 
(?) 


Caecum. 


(b) 
1,200 

2,400 
2,400 


Trans- 
verse. 


(b) 
2,400 

4,800 
4,800 


Sigmoid 
or  rec- 
tum. 


(b) 
3,000 

6,000 
6,000 


Remarks. 


Typhoid  fever  with 
intestinal  haemor- 
rhage. 


a  Total  parasites  found,  1  male  and  1  female.  b  Mushy. 

Table  7. — Showing  egg  counts  in  case  9,  V.F.* 


Type  of  stool 

Ova  per  gram 

Ova      per      gram,     reduced 
"formed  basis" 

Ova  per  female,  by  region 


Stool  from- 


Ileum. 


(b) 
150 

600 
600 


Caecum. 


(c) 
1,650 

3,300 
3,350 


Trans- 
verse. 


(c) 
1,675 

3,350 
3,350 


Sigmoid 
or  rec- 
tum. 


(c) 
300 


600 
600 


Remarks. 


Ptomain  poisoning. 
Diarrhoea  stopped  two 
days  before  death. 


a  Total  parasites  found,   1   male  and   1  female. 


b  Diarrhoeal. 


c  Mushy. 


35,1  Manalang:  Ascariasis  29 

Table  8. — Showing  egg  counts  in  case  10,  L.L.* 


Type  of  stool 

Ova  per  gram 

Ova     per     gram,     reduced      to 

"formed  basis" 

Ova  per  female,  by  region 


Stool  from — 

Ileum. 

Caecum. 

Trans- 
verse. 

Sigmoid 
or  rec- 
tum. 

Remarks. 

(b) 

(c) 

(•) 

C) 

Sudden  death  due  to 

1,875 

3,825 

5,850 

9,825 

cerebral  haemor- 
rhage in  a  case  with 

3,750 

3,825 

5,850 

9,825 

arteriosclerosis, 

625 

637 

975 

1,637 

chronic  interstitial 
nephritis,  and  hy- 
pertrophy of  the 
left  ventricle* 

a  Total   parasites  found,    5  males  and   6  females.  b  Mushy.  c  Formed. 

Table  9. — Showing  egg  counts  in  case  11,  M-A.* 


Type  of  stool 

Ova  per  gram 

Ova     per     gram,     reduced    to 

"formed  basis" 

Ova  per  female,  by  region 


Stool  from- 


Ileum- 


(b) 
2,625 

5,250 
2,625 


Caecum. 


(b) 
2,175 

4,350 
2,175 


Trans- 
verse. 


(b) 
2,550 

5,100 
2,550 


Sigmoid 
or  rec- 
tum. 


(b) 
5,775 

11,550 
5,775 


Remarks. 


Acute  anaemia  due  to 
deep  incised  wound 
in  the  neck,  sever- 
ing the  right  jugu- 
lar   and  carotid. 


a  Total  parasites   found,  2  males   and  2    females. 


b  Mushy. 


THREE  NEW  PHILIPPINE  FISHES 

By  Albert  W.  Herre 
Chief y  Division  of  Fisheries,  Bureau  of  Science,  Manila 

THREE  PLATES 

BELONIDJE 

TYLOSURUS    PHILIPPINUS   Herre,   sp    nov. 

Dorsal  11-18  or  19;  anal  11-18  or  19  or  1-20;  pectoral  14 
or  15;  ventral  6;  lateral  line  about  194  +  10;  about  22  scales 
between  original  of  dorsal  and  lateral  line. 

The  compressed  elongate  body  roughly  pentagonal,  head  nearly 
triangular  in  cross  section;  depth  11.25  to  11.3  in  length, 
breadth  of  body  1.56  to  1.6  in  its  own  depth,  which  is  greatest 
just  before  dorsal;  head  2.88  to  2.93  in  length,  its  flat  upper 
surface  with  a  wide,  deep  median  channel  and  a  small,  narrow, 
elongate  groove  on  each  side  of  it;  space  between  these  and 
outer  margin  of  interorbital  with  longitudinally  divergent  striae ; 
the  median  channel  narrows  abruptly  anteriorly  and  is  pro- 
longed in  a  narrow  median  groove  to  tip  of  beak;  the  large 
lateral  eye  placed  high  up,  9  to  10  in  head,  2.68  to  2.75  in  postor- 
bital  part  of  head,  1.25  to  1.375  in  interorbital,  6  to  6.25  in  snout; 
the  strong  mandible  1.36  to  1.44  in  head,  extending  beyond  end 
of  snout  in  a  thick,  spongy,  somewhat  flexible  tip,  which  rises 
above  so  that  upper  jaw  rests  upon  it  and  dorsal  profile  of  latter 
is  continuous  with  that  of  lower  jaw  tip  when  mouth  is  closed; 
upper  margin  of  mandible,  except  its  fleshy  tip,  in  line  with 
middle  of  pupil  of  eye;  mouth  abundantly  supplied  with  long, 
strong,  needle-pointed,  vertical  canines,  those  of  lower  jaw  out- 
side upper  jaw  when  mouth  is  closed,  tongue  smooth  except  mar- 
gin of  posterior  constricted  part,  which  has  some  hard 
tubercles;  fourth  upper  pharyngeals  not  distinct  from  third; 
maxillary  not  entirely  hidden  by  preorbital;  preopercle  entirely 
covered  with  fine  scales,  opercle  and  top  of  head  naked ;  pectorals 
broad,  3.3  to  3.5  in  head ;  ventrals  a  little  shorter  than  pectorals, 
more  or  less  falciform ;  origin  of  dorsal  opposite  first  undivided 
ray;  anterior  dorsal  and  anal  rays  elongate,  equal  to  pectoral  or 
a  fourth  longer,  the  dorsal  rays  longest  in  one  specimen,  the  anal 
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rays  in  two  specimens ;  dorsal  height  3  to  3.2  times,  anal  3.5  to 
2.66  times  in  head ;  caudal  peduncle  short,  its  breadth  1.62  in  its 
depth ;  the  lateral  line  forms  a  very  low  but  distinct  whitish  keel 
on  caudal  peduncle;  caudal  very  badly  damaged  in  the  type 
specimens,  about  2.5  in  head,  lower  caudal  lobe  longer  than  upper 
one. 

Color  in  alcohol  brownish  above,  silvery  below,  opercles  and 
underside  of  head  white.  Fins  colorless  except  upper  half  of 
dorsal,  which  is  dusky. 

Here  described  from  the  type,  No.  11,084  Bureau  of  Science 
collection,  452  millimeters  long,  and  the  cotype,  462  millimeters 
long,  collected  at  Coron,  Busuanga.  I  also  have  a  specimen,  435 
millimeters  long,  from  Tandubas  Island  and  one,  390  millimeters 
long,  from  Sitankai,  both  in  Sulu  Province.  I  have  compared 
these  fishes  with  all  the  material  in  the  United  States  National 
Museum  and  at  Stanford  University  and  find  nothing  there  like 
them.  The  singular  beak  almost  warrants  the  creation  of  a  new 
genus  for  them.  The  cartilaginous  tip  is  apparently  a  sense 
organ  similar  to  that  at  the  tip  of  a  Hemiramphus  beak. 

Philippinus,  from  the  Philippines. 

BRANCHIOSTEGIDiE 

BRANCHIOSTEGUS    ILOCANUS    Herre,    sp.    nov. 

Dorsal  VII-14,  first  and  second  spines  united;  anal  11-11;  lat- 
eral line  about  60;  scales  in  transverse  series  25. 

The  head  and  the  tapering  body  flattened  laterally,  much 
thicker  anteriorly,  depth  3.6  in  length ;  the  large  head  thicker  than 
trunk,  2.96  in  total;  head  almost  flat  above,  profile  rounded  as 
it  descends  over  eye,  snout  very  steep;  dorsal  profile  straight 
and  slightly  descending  from  above  head  to  caudal  peduncle; 
anterior  half  of  ventral  line  nearly  straight,  then  curving  up- 
ward to  caudal  peduncle ;  the  very  large  lateral  eye  high  up,  the 
distance  from  its  front  margin  to  tip  of  snout  approximately 
equal  to  distance  from  its  rear  margin  to  posterior  extremity  of 
opercle,  4.55  in  head  and  1.95  in  the  large  prominent  snout, 
which  is  2.33  in  head;  interorbital  very  slightly  exceeds  eye  in 
breadth,  4.33  in  head,  a  longitudinal  groove  along  its  middle;, 
cheek  very  broad,  its  depth  approximately  equal  to  snout;  the 
oblique  mouth  rather  large,  lower  jaw  included,  posterior  ex- 
tremity of  maxillary  reaching  a  vertical  midway  between  pos- 
terior nostril  and  anterior  margin  of  eye;  teeth  of  upper  jaw 
in  two  rows  except  anteriorly,  where  they  are  in  four  rows; 
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teeth  of  outer  row  much  larger  and  stronger  than  the  others,  the 
last  two  teeth  on  each  side  hooked  canines;  teeth  of  lower  jaw 
in  one  row  except  at  symphysis,  where  they  are  in  three  rows: 
no  reduced  teeth  in  lower  jaw,  but  those  along  middle  of  each 
side  enlarged ;  8  rows  of  scales  on  cheek,  the  three  middle  rows 
of  enlarged  scales;  posterior  margin  of  preopercle  denticulate; 
scales  extending  forward  on  head  to  anterior  portion  of  inter- 
orbital  ;  body  scaled  everywhere,  and  fine  scales  extend  on  pectoral 
and  more  than  half  the  length  of  caudal ;  no  scales  on  suborbital, 
snout,  jaws,  and  underside  of  head. 

Origin  of  dorsal  above  pectoral  base,  first  spine  three-fourths 
of  an  eye  diameter,  second  spine  1.5  times  eye,  the  remaining 
spines  and  rays  very  gradually  increasing  until  the  next  to  the 
last,  which  is  2.65  times  eye  or  a  trifle  more  than  1.7  in  head; 
anal  resembles  dorsal,  the  last  few  rays  about  equal,  1.75  times 
eye  or  2.6  in  head;  depth  of  caudal  peduncle  3  in  head;  caudal 
subtruncate,  the  uppermost  rays  longest,  1.44  in  head  or  4.28  in 
length;  pectoral  pointed,  the  central  rays  elongate,  1.33  times 
in  head  or  3.97  in  length;  the  ray  next  below  the  longest,  or 
seventh  ray,  not  abruptly  shortened  as  described  by  Snyder  for 
B.  japonicus;  the  narrow  pointed  ventrals  fall  far  short  of  anus, 
2  +  times  in  head,  6  in  length. 

Color  in  alcohol  dusky  olive  brown  on  top  of  head  and  along 
back,  the  sides  and  belly  silvery ;  a  black  seam  extends  forward 
from  base  of  dorsal  to  anterior  extremity  of  interorbital  space; 
suborbital  and  snout  bright  yellow,  with  a  triangular  orange  spot 
on  lower  median  portion  of  snout;  a  yellow  band  on  base  of 
dorsal,  now  almost  entirely  disappeared ;  a  fine  blackish  marginal 
line  on  dorsal  and  upper  margin  of  pectoral ;  anal,  pectoral,  and 
ventral  colorless;  an  olive  brown  triangle  covers  lower  third  of 
caudal,  its  apex  at  lower  side  of  caudal  peduncle ;  a  central  lon- 
gitudinal band  of  the  same  color,  and  a  marginal  line  of  olive 
brown  above;  remainder  of  fin  yellowish. 

Here  described  from  a  specimen,  270  millimeters  long,  pur- 
chased in  the  market  at  Narvacan,  Ilocos  Sur  Province,  Luzon. 

Ilocanus,  from  Ilocos. 

CALLIONYMID^E 

SYNCHIROPUS  TENTACULATUS   Herre,  sp.  nov. 

Dorsal  IV-8;  anal  7. 

Body  rounded,  wedge-shaped,  with  wide  head  and  slender 
snout,  depth  5.3  to  5.5  in  length;  head  a  third  to  a  half  wider 
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than  deep,  wider  than  body,  2.9  to  3.1  in  length;  the  large  dorso- 
lateral eyes  surrounded,  except  below,  by  a  bony  rim,  prominent 
anteriorly,   3  to  3.25  in  head;  in  females  the  concave  snout 
scarcely  equals  eye;  in  males  the  snout  is  longer,  2.75  in  head; 
mouth  terminal,  upper  jaw  protractile,  posterior  extremity  of 
maxillary  not  extending  to  anterior  margin  of  eye;  the  narrow 
interorbital  5  to  6  in  eye;  the  preopercle  has  a  strong,  back- 
ward-projecting spine,  a  little  shorter  than  eye,  with  a  spine  on 
inner  side  near  its  tip  and  a  small  downward-projecting  spine 
farther  forward  on  its  outer  side ;  a  threadlike  tentacle  on  each 
eye,  just  inside  upper  posterior  margin,  its  length  nearly  equal 
to  an  eye  diameter ;  two  circular  bony  plates  covered  with  tooth- 
like asperities  on  occipital  region,  each  half  an  eye  diameter; 
first  dorsal  low,  first  spine  highest,  2.5  in  head  in  females,  1.85 
in  males ;  second  dorsal  very  little  higher  than  first  in  the  female, 
first  and  second  rays  longest,  2.2  in  head ;  in  the  male  the  anterior 
dorsal  rays  high,  the  others  successively  shorter  except  the  last 
which  is  a  little  the  longest,  1.57  in  head,  extending  to  base  of 
caudal;  anal  like  second  dorsal,  but  scarcely  as  high  in  the  fe- 
male; in  the  male  anal  low  except  the  last  two  rays  which  are 
much  elongated,  extending  upon  caudal,  1.22  in  head;  the  nar- 
row subtruncate  caudal  slightly  exceeds  head  in  the  female,  2.66 
in  length ;  it  is  much  longer  in  the  male,  more  than  half  again 
as  long  as  head,  1.9  times  in  length;  the  broad  ventrals  longer 
than  pectorals,  extending  to  or  beyond  origin  of  anal,  equal 
to  head  in  the  male,  a  tenth  shorter  in  the  female,  the  outer 
rays  less  than  half  the  length  of  the  inner  ones;  central  rays 
of  pectoral  much  longer  than  the  others,  forming  a  pointed  lobe 
extending  beyond  origin  of  anal,  1.5  in  head  in  the  female,  1.37 
in  the  male;  a  slender  pointed  anal  papilla  present  in  the  male. 
Color  in  alcohol  dark  wine  red  with  purplish  luster,  snout 
paler,  belly  whitish ;  tentacle  wine  red ;  spinous  dorsal  pale  wine 
red,  soft  dorsal  much  paler ;  anal  with  two  longitudinal  rows  of 
dusky  or  dark  brown  spots  on  outer  half;  caudal  with  three 
transverse  rows  of  black  spots  in  the  male,  brown  in  the  female, 
the  lower  ray  with  several  dark  spots ;  male  with  sides  of  snout, 
cheeks,  eye,  upper  side  of  ventrals,  basal  half  of  pectorals,  and 
basal  portion  of  caudal  with  beautiful  irregular  pearl-colored 
spots;  both  male  and  female  have  the  upper  side  of  ventrals 
red  like  body,  with  several  circular  black  dots  sprinkled  on  it; 
pectorals  brown,  with  many  obscure  crossbars. 
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Here  described  from  the  type,  No.  7302  Bureau  of  Science 
collection,  a  male,  34.5  millimeters  long,  the  caudal  18  millimeters 
long,  and  a  female  cotype,  32  millimeters  long.  Both  were  ob- 
tained at  Puerto  Galera,  Mindoro,  by  Alvin  Seale,  in  May,  1912. 

I  can  find  no  record  in  the  accessible  literature  of  a  callionymid 
fish  with  tentacles  upon  its  eyes.  This  seems  to  be  a  unique 
character  in  this  group. 

Tentaculatus,  having  tentacles. 


ILLUSTRATIONS 

Plate  1 
Synchiropus  tentaculatus  sp.  nov.,  male.     (Drawing  by  Jose  L.  Nievera.) 

Plate  2 

Fig.  1.  Tylosurus  philipjnnus  sp.  nov.;  X   3.     (Drawing  by  P.  Bravo.) 

2.  Tylosurus  philippinus  sp.  nov.;    X    lfc.     (Drawing  by  P.  Bravo.) 

Plate  3 
Branchiostegus  ilocanus  sp.  nov.     (Drawing  by  Jose  L.  Nievera.) 
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DIATOMS  FROM  KHINGAN,  NORTH  MANCHURIA,  CHINA 

By  B.  W.  Skvortzow 
Of  Harbin,  Manchuria 

FIVE  PLATES 

During  my  visit  to  the  western  part  of  North  Manchuria  in 
1922,  I  made  some  collections  of  diatoms  in  Khingan  Mountains 
in  the  environs  of  the  Fuleierdi  Railway  Station.  One  of  all 
samples  was  gathered  in  a  small  stream  among  the  Fontinalis 
sp.  stems  and  inspection  of  it  yielded  a  considerable  number  of 
forms,  of  which  I  give  here  an  enumeration,  that  may  serve  as 
a  contribution  to  the  history  of  the  geographical  distribution  of 
these  small  organisms. 

Very  little  attention  has  until  recently  been  bestowed  upon 
diatoms  of  Manchuria.  They  are  listed  in  two  of  my  notes  which 
appeared  during  the  last  two  years.1  In  the  present  paper  I 
give  the  figures  of  nearly  all  forms  listed  here,  some  of  which 
seem  to  be  new  to  science. 

Among  those  of  special  interest  may  be  noted  Fragilaria  hinga- 
nensis  sp.  nov.;  a  species  allied  to  F.  capucina  Desmazieres, 
Frustulia  vulgaris  Thw.  var.  asiatica  var.  nov.,  Pinnularia  epis- 
copalis  Cleve  var.  manschurica  var.  nov. 

The  forms  of  diatoms  found  in  the  collection  are  herein  enu- 
merated. 

MELOSIRA   VARIANS   Aserth.     Plate    1,   fig.    1. 

Frustules  cylindrical,  in  long  filaments,  slightly  constricted  on 
each  side  of  the  suture.  Length,  0.025  millimeters;  breadth, 
0.050. 

MELOSIRA   DISTANS    Kfitzing.    Plate    1,    tkg.   2. 

Frustules  cylindrical.  Puncta  in  longitudinal  rows.  Length, 
0.038  to  0.035  millimeter;  breadth,  0.0051  to  0.0187. 

1  Beitrage  zur  Kenntnis  der  Mandschurischen  Diatomaceen,  Nuova  No- 
tarisia  Ser.  XXXVI  (1925),  and  Ueber  einige  Susswasseralgen  aus  der 
Nord  Mandschurei  im  Jahre  1916  gesammelt,  Archiv  fur  Hydrobiologie, 
No.  3  16    (1926). 
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MELOSIRA   ITALICA   Ktttzing.     Plate   1,  figs.  3,   4. 

Frustules  cylindrical.  Puncta  in  spiral  rows.  Length,  0.025 
to  0.0359  millimeter ;  breadth,  to  0.006.  Margins  of  valves  den- 
ticulate at  the  junction  of  the  frustules. 

MELOSIRA  ITALICA  var.  GENUINA  forma  TENUIS   (Kiitzing)  O.  Miiller.     Plate  1,  fig.  5. 

Frustules,  0.005  millimeter  in  breadth. 

TABELLARIA   FLOCCULOSA   Kutzing.     Plate    1,    fig.   6. 

Valve  linear,  with  median  inflation  larger  than  terminal.  In 
zone  view  the  frustules  are  quadrangular.  Length,  0.035  milli- 
meter; breadth,  0.009. 

TABELLARIA   FENESTRATA    (Lyngb.)    Kiitzing.     Plate   1,   fig.    7. 

Valve  elongated;  pseudoraphe  narrow.  Length,  0.0745  mil- 
limeter; breadth,  0.006. 

MERIDION   CONSTRICTUM   Ralfs.    Plate   1,   fig.   8. 

Valve  with  a  capitate  end.  Length,  0.0323  millimeter; 
breadth,  0.0042.     Striae,  5  in  0.01  millimeter. 

MERIDION   CIRCTJLARE   Agarth.     Plate    1,   fig.   9. 

Frustules  in  zone  view  cuneate,  adnate  in  circular  or  spiral 
fasciae.  Length,  to  0.0493  millimeter ;  breadth,  to  0.004.  Striae, 
3  to  4  in  0.01  millimeter. 

FRAGILARIA  HINGANENSIS  sp.  nov.     Plate  1,  figs.   10  to   15. 

Valve  linear,  apices  slightly  produced  and  subrostrate. 
Length,  0.0255  to  0.0655  millimeter ;  breadth,  0.0034.  Zone  view 
breadth,  0.0042  to  0.0068  millimeter.  Striae,  24  in  0.01  mil- 
limeter. 

Found  in  long  ribbon  or  fasciae. 

FRAGILARIA  HINGANENSIS  var.  LONGISSIMA  var.  nov.     Plate   1,  figs.   16,    17. 

Valve  linear  with  subrostrate  ends.  Length,  0.085  to  0.136 
millimeter;  breadth,  0.0034.  Zone  view,  0.0051  to  0.0076  mil- 
limeter.    Striae,   24  in   0.01   millimeter. 

Found  in  long  ribbons. 

SYNEDRA   ULNA   Ehrenberg.     Plate    1,    fig.    18. 

Valve  linear  lanceolate,  with  rostrate  apices.  Interrupted  in 
the  middle.  Length,  0.140  millimeter;  breadth,  0.0068.  Striae, 
9  in  0.01  millimeter. 

SYNEDRA   ULNA   var.   DANICA   Kiitzing.     Plate    1,   figs.   19,   20. 

Valve  solitary  or  in  twos,  linear  with  rostrate  apices.  Length, 
0.217  to  0.3589  millimeter;  breadth,  0.0042.  Striae,  0.009  in 
0.01  millimeter. 
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SYNEDRA   ULNA   var.   AMPHIRRHYNCHUS    Ehrenberg.     Plate    1,   figs.   21,   22. 

Valve  linear,  with  slightly  capitate  ends.  Length,  0.238  mil- 
limeter; breadth,  0.006.     Striae,  9  in  0.01  millimeter. 

SYNEDRA   ULNA   var.  OXYRHYNCHUS  Kutzing.     Plate   1,   fig.  23. 

Valve  small  linear,  lanceolate  with  rostrate  apices.  Striae  not 
interrupted  in  the  middle.  Length,  0.085  millimeter;  breadth, 
0.0075.     Striae,  9  in  0.01  millimeter. 

SYNEDRA  ACUS   Kutzing  var.  DELICATISSIMA  W.   Smith.     Plate   1,   figs.  24,   25. 

Valve  free  linear,  lanceolate,  slightly  rostrate  at  the  end. 
Length,  0.0731  to  0.1227  millimeter;  breadth,  0.0028  to  0.003. 
Striae  11  to  15  in  0.01  millimeter. 

SYNEDRA   ACUS   var.    ANGUSTISSIMA   Grunow.     Plate    1,    fig.   26. 

Valve  free,  lanceolate.  Length,  0.170  millimeter;  breadth, 
0.0042.     Striae,  16  in  0.01  millimeter.     Rare. 

EUNOTIA  PECTINALIS  Kutzing  var.  VENTRICOSA  Grunow.     Plate  2,  fig.  1. 

Valve  tumid  in  the  middle.  Length,  0.0724  millimeter; 
breadth,  0.0055.     Striae  9  in  0.01  millimeter. 

EUNOTIA   PECTINALIS   var.   IMPRESSA   O.   Muller.     Plate   2,   fig.   2. 

Valve  with  two  undulations.  Length,  0.0444  millimeter; 
breadth,  0.005.     Stride,  12  in  0.01  millimeter. 

EUNOTIA  PECTINALIS  var.  IMPRESSA  forma  CURTA  Van  Heurck.     Plate  2,  fig.  3. 

Valve  short,  slightly  curvate.  Length,  0.0238  to  0.0255  mil- 
limeter; breadth,  0.0051.     Striae,  12  or  13  in  0.01  millimeter. 

EUNOTIA   LUNARIS   Ehrenberg.     Plate  2,  figs.  4,  5. 

Frustules  sessile,  solitary  or  in  clusters.  Valve  arcuate,  nar- 
row, attenuated  toward  the  apices,  which  are  sometimes  slightly 
rostrate  or  rostrate-capitate.  Length,  0.0544  to  0.0867  milli- 
meter ;  breadth,  0.0034  to  0.0036.     Striae,  12  in  0.01  millimeter. 

COCCONEIS   PLACENTULA   Ehrenberg. 

Valve  elliptical;  with  a  lanceolate  axial  area,  radiating  rows 
of  puncta,  and  a  wide  border  of  finely  punctate,  radiating  striae, 
separated  from  the  central  part  of  the  valve  by  a  narrow  hyaline 
zone.  Length,  0.0187  to  0.0238  millimeter;  breadth,  0.0102  to 
0.0119. 

DIPLONEIS   PUELLA   (Schum.)   Cleve.     Plate   2,   fig.  6. 

Valve  elliptical.  Length,  0.0221  millimeter;  breadth,  0.012. 
Costae,  14  or  15  in  0.01  millimeter. 

NEIDIUM    IRIDIS    Ehrenberg.    Plate   2,    fig.    7. 

Valve  linear  subelliptical,  with  rounded  ends.  Length,  0.136 
millimeter;  breadth,  0.0221.     Striae,  16  to  18  in  0.01  millimeter. 
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NEIDIUM   IRIDIS  var.   AMPLIATA  Ehrenberg:.    Plate  2,   figr.  8. 

Valve  broadly  elliptical,  with  subrostrate  ends.  Length, 
0.0811  millimeter;  breadth,  0.025.     Striae,  16  in  0.01  millimeter. 

NEIDIUM  IRIDIS  var.  FIRMA  V.  Heurck.    Plate  2,  figr.  9. 

Valve  linear.  Length,  0.1037  millimeter;  breadth,  0.0272. 
Striae,  16  or  17  in  0.01  millimeter;  puncta,  18  in  0.01  millimeter. 

NEIDIUM  AFFINE  Ehrenberg:  var.  GENUINA  Cleve  forma  MEDIA  Cleve.    Plate  2,  fig:.  10. 

Valve  linear,  with  rostrate  ends.  Length,  0.128  millimeter; 
breadth,  0.0272.     Striae,  20  in  0.01  millimeter. 

NEIDIUM    AFFINE    var.    AMPHIRHYNCHUS    Ehrenberg:    forma    MANSCHURICA    forma 
nova.    Plate  2,  fig:.  11. 

Valve  with  protracted,  rostrate-capitate  ends.  Length,  0.0833 
millimeter;  breadth,  0.0255.     Striae,  24  in  0.01  millimeter. 

FRUSTULIA   VULGARIS    Thwaites   var.   ASIATICA   var.   nov.     Plate   2,   figr.    12. 

Valve  lanceolate,  with  obtuse  rounded  ends.  Length,  0.0527 
millimeter;  breadth,  0.0085.     Striae,  23  in  0.01  millimeter. 

NAVICULA   BACILLIFORMIS   Grunow.     Plate   2,  fig:.   13. 

Valve  linear,  with  broad,  rounded  ends.  Length,  0.034  mil- 
limeter; breadth,  0.0102.  Central  area  rectangular.  Striae,  15 
to  17  in  0.01  millimeter. 

NAVICULA  RADIOSA  Kiitzing-  var.  MANSCHURICA  var.  nov.     Plate  2,  fig:.  14. 

Valve  linear,  obtuse.  Length,  0.0766  millimeter;  breadth, 
0.008.  Striae,  9  in  0.01  millimeter,  in  the  middle  slightly  radiate, 
elsewhere  almost  parallel. 

NAVICULA  PEREGRINA   Ehrenberg:.    Plate   2,   figr.   15. 

Valve  lanceolate,  with  obtuse  ends.  Length,  0.0901  millime- 
ter; breadth,  0.017.  Central  area  large.  Striae,  6  to  7  in  0.01 
millimeter. 

NAVICULA  REINHARDn  Grunow.    Plate  2,  fig:.  16. 

Valve  elliptical,  with  broad  obtuse  ends.  Length,  0.0731  mil- 
limeter; breadth,  0.017.     Striae,  8  in  0.01  millimeter. 

NAVICULA   CINCTA  Ehrenberg:   var.   LEPTOCEPHALA   Ehrenberg:.    Plate  2,   figr.    17. 

Valve  lanceolate,  with  slightly  rostrate  and  obtuse  ends. 
Length,  0.034  millimeter;  breadth,  0.0069.  Striae,  9  in  0.01  mil- 
limeter. 

NAVICULA   sp.    Plate  2,   figr.   18. 

Valve  lanceolate,  with  rostrate  and  obtuse  ends.  Length, 
0.039  millimeter ;  breadth,  0.0085.     Striae,  18  in  0.01  millimeter. 
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NAVICULA   AMPHIBOLA   Cleve    var.   MANSCHURICA   var.   nov.    Plate   2,   fig.    19. 

Valve  elliptic-lanceolate,  with  rostrate,  truncate  ends.  Length, 
0.0459  millimeter;  breadth,  0.017.  Central  area  rectangular. 
Striae,  13  to  15  in  0.01  millimeter. 

PINNULARIA    MESOLEPTA    Ehrenberg     var.     STAURONEIFORMIS     Grunow.     Plate    2, 
fig.    20. 

Valve  triundulated,  with  capitate  ends.  Length,  0.0663  mil- 
limeter; breadth,  0.0136.  Striae,  8  or  9  in  0.01  millimeter, 
strongly  divergent  in  the  middle  and  convergent  at  the  ends. 

PINNULARIA   BREBISSONI   Kutzing   var.    DIMINUTA   V.    Henrck.    Plate   2,    fig.    21. 

Valve  linear-elliptical,  with  rounded  ends.  Length,  0.0272 
millimeter;  breadth,  0.0076.  Area  narrow.  Striae  16  in  0.01 
millimeter,  divergent  in  the  middle  and  convergent  toward  the 
ends. 

PINNULARIA   NODOSA   Ehrenberg   var.?     Plate   2,    fig.   22. 

Valve  linear,  with  slightly  triundulate  margins,  with  rostrate 
ends.  Length,  0.0663  millimeter ;  breadth,  0.0102.  Median  line 
filiform.  Axial  area  wider  than  one-third  of  the  breadth  of  the 
valve.  Striae,  8  in  0.01  millimeter,  interrupted,  divergent  in  the 
middle,  convergent  at  the  ends. 

PINNULARIA  LEGUMEN  Ehrenberg.    Plate  2,  fig.  23. 

Valve  linear-lanceolate,  with  slightly  triundulate  margins 
and  subrostrate,  broad  ends.  Length,  0.0731  millimeter; 
breadth,  0.0102.  Axial  area  broad,  dilated  in  the  middle. 
Striae,  10  in  0.01  millimeter,  divergent  in  the  middle,  conver- 
gent at  the  ends. 

PINNULARIA   EPISCOPALIS   Cleve  var.   MANSCHURICA   var.  nov.     Plate   3,    figs.   1,   2. 

Valve  linear,  with  parallel  margins  or  slightly  gibbous  in  the 
middle.  The  ends  broadly  rounded.  Length,  0.1571  to  0.289 
millimeter;  breadth,  0.033  to  0.0444.  Striae,  6  or  7  in  0.01  milli- 
meter, strongly  divergent  in  the  middle  and  convergent  at  the 
ends. 

PINNULARIA  MAJOR  Kutzing.     Plate   3,   fig.  3. 

Valve  slender,  linear,  gibbous  in  the  middle,  and  rounded  at 
the  ends.  Length,  0.177  to  0.203  millimeter;  breadth,  0.0255. 
Striae,  6  or  7  in  0.01  millimeter. 

PINNULARIA  MAJOR  forma  MANSCHURICA  forma  nova.    Plate  3,  fig.  4. 

Valve  linear,  slightly  gibbous  in  the  middle.  Length,  0.150 
to  0.159  millimeter;  breadth,  0.020  to  0.0204.  Striae,  6  or  7  in 
0.01  millimeter. 
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PINNULARIA   VIRIDIS   Nitzsch.     Plate   3,    fig.    5. 

Valve  elliptic-linear,  with  parallel  margins.  Length,  0.111  to 
0.1139  millimeter;  breach,  0.0187  to  0.0204.  Striae,  6  or  7  in 
0.01  millimeter,  slightly  divergent  in  the  middle  and  convergent 
at  the  ends. 

PINNULARIA  VIRIDIS   var.   INTERMEDIA   Cleve.    Plate  3,   fig.   6. 

Valve  linear,  with  parallel  margins,  attenuated  toward  the 
rounded  ends.  Length,  0.0629  millimeter;  breadth,  0.012. 
Striae,  8  in  0.01  millimeter,  divergent  in  the  middle,  convergent 
at  the  ends. 

PINNULARIA   NOBILIS    Ehrenberg   var.   INTERMEDIA   Dippel.     Plate    3,    fig.    7. 

Valve  linear,  slightly  gibbous  in  the  middle  and  at  the  broadly 
rounded  ends.  Length,  0.240  millimeter ;  breadth,  0.0296.  Me- 
dian line  complex.  Striae,  5  or  6  in  0.01  millimeter,  divergent 
in  the  middle,  convergent  at  the  ends. 

PINNULARIA   NOBILIS   var.   MANSCHURICA   var.  nov.     Plate  3,   fig.  8. 

Valve  linear,  with  parallel  margins  and  broadly  rounded 
ends.  Length,  0.374  millimeter;  breadth,  0.0425.  Median  line 
complex.  Axial  area  broad.  Striae,  5  or  6  in  0.01  millimeter, 
divergent  in  the  middle,  convergent  at  the  ends. 

PLEUROSTAURON  ACUTA   W.   Smith.     Plate  2,   fig.   24. 

Valve  rhombic-lanceolate,  gradually  tapering  from  the  middle 
to  the  narrow  obtuse  ends.  Length,  0.136  millimeter;  breadth, 
0.0238.     Striae,  11  or  12  in  0.01  millimeter. 

STAURONEIS    PHOENICENTERON    Ehrenberg    var.    GENUINA    Cleve    forma.     Plate    2, 
fig.  25. 

Valve  lanceolate,  with  obtuse  ends.  Length,  0.1479  millime- 
ter; breadth,  0.0323.  Stauros  not  reaching  to  the  margin. 
Striae  radiate  throughout,  13  or  14  in  0.01  millimeter,  distinctly 
punctate. 

STAURONEIS   PHOENICENTERON   var.   GENUINA   Cleve.     Plate   2,   fig.  26. 

Valve  lanceolate,  with  obtuse  ends.  Length,  0.1496  millime- 
ter; breadth,  0.0272.  Stauros  linear,  reaching  the  margin. 
Striae,  12  or  13  in  0.01  millimeter. 

STAURONEIS   PHOENICENTERON   var.   AMPHILEPTA    Ehrenberg.     Plate   2,    fig.   27. 

Length,  0.0935  millimeter;  breadth,  0.007.  Stauros  linear. 
Striae,  18  in  0.01  millimeter. 

STAURONEIS  PHOENICENTERON  var.  VULGARIS  Dippel  forma   INTERMEDIA  Dippel. 
Plate  2,  fig.  28. 

Valve  lanceolate,  with  slightly  capitate  ends.  Length,  0.0918 
millimeter;  breadth,  0.0187.     Striae,  15  to  17  in  0.01  millimeter. 
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GOMPHONEMA  ACUMINATUM   Ehrenberg  var.  CORONATA  Ehrenberg.     Plate  2,  fig.  29. 

Valve  clavate,  biconstricted,  with  broad,  apiculate  apex. 
Length,  0.0544  millimeter;  breadth,  0.0153.  Stride,  10  in  0.01 
millimeter. 

GOMPHONEMA   ACUMINATUM   var.   BREBISSONII   Kutzing.     Plate   2,   figs.   30,   31. 

Valve  slightly  biconstricted,  with  cuneate  apex.  Length, 
0.0306  to  0.0476  millimeter;  breadth,  0.0068  to  0.0085.     Striae, 

9  or  10  in  0.01  millimeter. 

GOMPHONEMA    ACUMINATUM    var.    TRIGONOCEPHALY    Ehrenberg.     Plate    2,    fig.    32. 

Valve  not  distinctly  biconstricted.  Apex  cuneate.  Length, 
0.0255  millimeter;  breadth,  0.0068.  Strise,  10  or  11  in  0.01  mil- 
limeter. 

GOMPHONEMA    PARVULUM    Kutzing    var.    MICROPUS    Kutzing.     Plate    3,    fig.    9. 

Valve  slightly  clavate,  lanceolate,  with  obtuse  apex  and  suba- 
cute basis.  Length,  0.0153  millimeter;  breadth,  0.0051.  Striae, 
11  in  0.01  millimeter. 

GOMPHONEMA   CONSTRICTUM  Ehrenberg   var.  CAPITATA  Ehrenberg.     Plate  3,  fig.   10. 

Valve  very  slightly  constricted,  clavate  with  broad  apex. 
Length,  0.0326  millimeter;  breadth,  0.012.  Strise,  9  in  0.01 
millimeter. 

GOMPHONEMA  CONSTRICTUM  forma  CURTA  Grunow.     Plate  3,  fig.  11. 

Valve  length,  0.030  millimeter;  breadth,  0.012.  Strise,  9  in 
0.01  millimeter. 

GOMPHONEMA    SPHAEROPHORUM    Ehrenberg.     Plate    3,    fig.    12. 

Valve  clavate,  with  capitate  apex  and  narrow  basis.  Length, 
0.0391  millimeter;  breadth,  0.0085.     Central  area  small.     Strise, 

10  in  0.01  millimeter. 

GOMPHONEMA    GEMINATUM   Lyngb.     Plate   2,   figs.    13,    14. 

Valve  strongly  biconstricted,  with  broad,  subtruncate  apex  and 
basis.  Length,  0.1185  to  0.1258  millimeter.  Central  area  with 
two  to  five  stigmas,  disposed  in  a  longitudinal  row  on  one  side  of 
the  central  nodule.     Strise,  8  in  0.01  millimeter. 

CYMBELLA   ASPERA   Ehrenberg.     Plate   4,    figs.    1,    2. 

Valve  broad,  with  strongly  arcuate  dorsal  margin,  and  straight, 
centrally  gibbous  ventral  margin.  Ends  obtuse,  rounded. 
Length,  0.148  to  0.180  millimeter;  breadth,  0.030  to  0.035.  Me- 
dian line  arcuate.  Axial  area  linear,  slightly  dilated  in  the 
middle.  Strise  in  the  middle,  8  in  0.01  millimeter,  slightly  ra- 
diate, punctate;  puncta,  12  to  15  in  0.01  millimeter,  in  the  end, 
9  to  11  in  0.01  millimeter. 
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CYMBELLA   ASPERA   var.   ELONGATA   var.   nov.     Plate   4,    fig.   4. 

Valve  length,  0.192  to  0.340  millimeter;  breadth,  0.037  to 
0.045.  Strise,  8  or  9  in  0.01  millimeter.  Puncta,  12  to  15  in 
0.01  millimeter. 

CYMBELLA  ASPERA  var.  MANSCHURICA  var.  nov.     Plate  4,  fig.  5. 

Valve  length,  0.114  to  0.325  millimeter;  breadth,  0.0259  to 
0.0444.  Median  line  arcuate.  Axial  area  linear,  slightly  di- 
lated in  the  middle.  Strise  in  the  middle,  7  to  9  in  0.01  milli- 
meter; in  the  end,  9  to  10  in  0.01  millimeter.  Puncta  7  to  10 
in  0.01  millimeter. 

CYMBELLA   CUSPIDATA   Kiitzing.     Plate   3,   figs.   15,   20. 

Valve  broadly  linear-lanceolate,  with  rostrate-capitate  ends. 
Length,  0.0408  to  0.0969  millimeter;  breadth,  0.0153  to  0.0306. 
Strise,  8  to  10  in  0.01  millimeter. 

CYMBELLA  HETEROPLEURA  Ehrenberg.     Plate  5,  fig.  1. 

Valve  broadly  linear  lanceolate,  slightly  asymmetrical  with 
rostrate  ends.  Length,  0.136  millimeter ;  breadth,  0.0323.  Cen- 
tral area  large.  Strise,  7  or  8  in  0.01  millimeter.  Puncta,  15 
in  0.01  millimeter. 

CYMBELLA   TUMID  A   Brebisson   var.   BOREALIS    Grunow.     Plate   5,   fig.   2. 

Valve  boat-shaped,  with  slightly  gibbous  ventral  margin. 
Ends  obliquely  truncate,  not  rostrate.  Length,  0.0731  millimeter ; 
breadth,  0.0221.     Strise,  9  in  0.01  millimeter. 

CYMBELLA   CISTULA  Hemprich.    Plate   5,   fig.  3. 

Valve  boat-shaped,  with  concave,  slightly  gibbous  ventral 
margin  and  rounded  obtuse  ends.  Length,  0.0799  to  0.0935 
millimeter;  breadth,  0.0221.  Strise,  7  in  0.01  millimeter.  A 
distinct  row  of  three  puncta  occurs  below  the  median  line. 

CYMBELLA  CISTULA  var.  MANSCHURICA  var.  nov.    Plate  5,  fig.  4. 

Valve  cymbiform,  with  gibbous  ventral  margin  and  truncate 
apices.  No  row  of  puncta  on  the  ventral  side  of  the  central 
nodule.  Length,  0.0697  millimeter;  breadth,  0.017.  Strise,  8 
in  0.01  millimeter. 

CYMBELLA  CISTULA  var.  HINGANENSIS  var.  nov.    Plate  5,  fig.  5. 

Length,  0.158  millimeter;  breadth,  0.0255.  Strise,  5  to  6  in 
0.01  millimeter.  A  distinct  row  of  four  puncta  occurs  below 
the  median  line. 
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CTMBELLA   VENTRICOSA   Ktitzin*.     Plate   3,   figs.    16    to   18. 

Valve  lunate,  with  gibbous  ventral  margin  and  subacute  ends. 
Length,  0.0238  to  0.024  millimeter;  breadth,  0.0085.  Axial  area 
narrow.     Striae,  8  to  10  in  0.01  millimeter. 

AMPHORA    OVALIS    Kiitzinff   var.    LIBYCA    Ehrenberg.    Plate    3,    fig.    19. 

Valve  lunate.  Length,  0.0493  millimeter;  breadth,  0.0221. 
Central  area  frequently  uniting  with  an  irregular  black  band 
across  the  striae.  Striae  on  the  dorsal  side,  10  to  11  in  0.01  mil- 
limeter. 

EPITHEMIA    SOREX    Ktttzin*.    Plate    5,    fig.    6. 

Valve  curvate  short,  strongly  arcuate.  Ends  capitate. 
Length,  0.0357  millimeter;  breadth,  0.0102.  Stride,  6  in  0.01 
millimeter. 

EPITHEMIA  ARGUS   Ehrenberg  var.   AMPHICEPHALA   Grunow.    Plate  5.   figs.   7,   8. 

Valve  arcuate,  with  capitate  ends.  Length,  0.0646  millimeter; 
breadth,  0.0102.     Striae,  3  in  0.01  millimeter. 

EPITHEMIA   ARGUS   var.    LONGICORNIS    Grunow.    Plate  5,   fig.   9. 

Valve  long,  linear,  with  round  ends.  Length,  0.1275  millime- 
ter; breadth,  0.0136.     Striae,  3  in  0.01  millimeter. 

EPITHEMIA   TURGIDA    (Ehrenberg)    Kutzing.    Plate   5,    figs.    10,    11. 

Valve  arcuate,  with  ends  subcapitate.  The  raphe  curved  to- 
ward the  ventral  edge  which  it  closely  follows.  Length,  0.0816 
to  0.1445  millimeter;  breadth,  0.00136  to  0.0017.  Striae,  3  to  4 
in  0.01  millimeter. 

EPITHEMIA  TURGIDA    (Ehrenberg)    Kutzing   var.  VERTAGUS   Kutzing  forma.    Plate   5 
fig.   12. 

Valve  linear,  lanceolate,  with  subrostrate  ends.  Length,  0.170 
to  0.212  millimeter;  breadth,  0.0153  to  0.0187.  Striae,  5  in  0.01 
millimeter. 

EPITHEMIA  TURGIDA  var.  WESTERMANNI  Kutzing.    Plate  5,  fig.  13. 

Valve  short.  Length,  0.0595  millimeter;  breadth,  0.0102. 
Striae,  3  in  0.01  millimeter. 

EPITHEMIA  ZEBRA   Ehrenberg.    Plate  5,   figs.   14  to   16. 

Valve  elongate  with  rounded  ends.  Length,  0.0374  to  0.068 
millimeter;  breadth,  0.0102  to  0.0119.  Strice,  3  to  4  in  0.01  mil- 
limeter. 
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RHOPALODIA   GIBBA    (Ehrenberg)    O.   Miiller.     Plate   5,  fig.   18. 

Valve  linear,  arcuate  on  the  dorsal,  straight  on  the  ventral  side, 
reflexed  at  the  extremities.  Length,  0.1241  to  0.136  millimeter; 
breadth,  0.0102  to  0.011.  From  the  side  view,  0.0238  to  0.024 
millimeter.     Striae,  about  7  in  0.01  millimeter. 

RHOPALODIA   GIBBA   var.  MAJOR  var.  nov.     Plate   5,  fig.   19. 

Valve  very  long.  Length,  0.200  to  0.260  millimeter;  breadth, 
0.0102  to  0.012.  Striae,  about  7  in  0.01  millimeter.  Zone  view, 
0.022  to  0.023  millimeter. 

RHOPALODIA  VENTRICOSA   (Grunow)    O.  Miiller.     Plate  5,  fig.  17. 

Valve  gibbous  in  the  middle  on  the  dorsal  side,  straight  on 
the  ventral  side,  with  reflexed  apices.  Length,  0.0425  to  0.0765 
millimeter;  breadth,  0.0112.     Striae,  7  in  0.01  millimeter. 

HANTZSCHIA    AMPHIOXYS    (Ehrenberg)    Grunow    var.    XEROPHILA    Grunow.     Plate    5, 
fig.   20. 

Valve  slightly  arcuate,  with  rostrate  apices.  Length,  0.0374 
millimeter;  breadth,  0.0068.  Keel  puncta,  7  in  0.01  millimeter. 
Striae,  transverse,  18  in  0.01  millimeter. 

HANTZSCHIA    AMPHIOXYS    (Kutzing)    Grunow    var.   HINGANENSIS    var.    nov.    Plate   5, 
fig.   21. 

Valve  slightly  arcuate,  with  rostrate  apices.  Length,  0.133 
to  0.181  millimeter;  breadth,  0.0136  to  0.0153.  Keel  puncta,  4 
in  0.01  millimeter.     Striae,  15  in  0.01  millimeter. 

CYMATOPLEURA    SOLEA    Brebisson.     Plate    5,    fig.    22. 

Valve  oblong,  with  subtruncate  ends,  constricted  in  the  middle. 
Length,  0.1369  millimeter;  breadth,  0.0296.  Coste  about  ? 
Striae  ? 

CYMATOPLEURA  SOLEA  var.  GRACILIS   Grunow.     Plate  5,   fig.  23. 

Valve  long,  with  cuneate  ends,  constricted  in  the  middle. 
Length,  0.192  millimeter;  breadth,  0.026. 

CYMATOPLEURA   ELLIPTICA   Brebisson   var.   GENUINA   Grunow.     Plate   5,   fig.   24. 

Valve  elliptical,  with  cuneate  apices.  Length,  0.1406  to  0.185 
millimeter ;  breadth,  0.066  to  0.074. 

SURIRELLA   ROBUSTA    Ehrenberg   var.   MANSCHURICA    var.   nov.     Plate   5,    fig.   25. 

Valve  linear-ovate.  Length,  0.1037  to  0.187  millimeter.  Cos- 
tse,  2  in  0.01  millimeter.     Frustule  in  zone  view  clavate. 

SURIRELLA    LINEARIS    W.    Smith.    Plate    5,    fig.    26. 

Valve  linear,  lanceolate.  Length,  0.125  millimeter;  breadth, 
0.0255. 


ILLUSTRATIONS 

Plate  1 

Fig.     1.  Melosira  varians  Agarth. 
2.  Melosira  distans  Kiitzing. 
Figs.  3  and  4.  Melosira  italica  Kiitzing. 
Fig.     5.  Melosira  italica  var.  genuina  f.   tenuis    (Kiitzing)    O.  Miiller. 

6.  Tabellaria  flocculosa  Kiitzing. 

7.  Tabellaria  fenestrata   (Lyngb.)   Kiitzing. 

8.  Meridion  constrictum  Ralfs. 

9.  Meridion  circular e  Agarth. 

Figs.  10  to  15.  Fragilaria  hinganensis  sp.  nov. 

16  and  17.  Fragilaria  hinganensis  var.  longissima  var.  nov. 
Fig.     18.  Synedra  ulna  Ehrenberg. 
Figs.  19  and  20.  Synedra  ulna  Ehrenberg  var.  danica  Kiitzing. 

21  and  22.  Synedra  ulna  Ehrenberg  var.  amphirrhynchus  Ehrenberg. 
Fig.  23.  Synedra  ulna  Ehrenberg  var.  oxyrhynchus  Kiitzing. 
Figs.  24  and  25.  Synedra  acus  Kiitzing  var.  delicatissima  W.  Smith. 
Fig.  26.  Synedra  acus  Kiitzing  var.  angustissima  Grunow. 

Plate  2 

Fig.     1.  Eunotia  pectinalis  Kiitzing  var.  ventricosa  Grunow. 

2.  Eunotia  pectinalis  Kiitzing  var.  impressa  O.  Miiller. 

3.  Eunotia  pectinalis  var.  impressa  forma  curta  V.  Heurck. 
Figs.  4  and  5.  Eunotia  lunaris  Ehrenberg. 

Fig.     6.  Diploneis  puella  (Schum.)   Cleve. 

7.  Neidium  iridis  Ehrenberg. 

8.  Neidium  iridis  Ehrenberg  var.  ampliata  Ehrenberg. 

9.  Neidium  iridis  Ehrenberg  var.  fir<ma  V.  Heurck. 

10.  Neidium  affine  Ehrenberg  var.  genuina  Cleve  forma  media  Cleve. 

11.  Neidium  affine  Ehrenberg  var.  amphirhynchus  Ehrenberg  forma 

mwnschurica  forma  nova. 

12.  Frustulia  vulgaris  Thw.  var.  asiatica  var.  nov. 

13.  Navicula  bacilliformis  Grunow. 

14.  Navicula  radiosa  Kiitzing  var.  manschurica  var.  nov. 

15.  Navicula  peregrina  Ehrenberg. 

16.  Navicula  reinhardii  Grunow. 

17.  Navicula  cmcta  Ehrenberg  var.  leptocephala  Ehrenberg. 

18.  Navicula  sp. 

19.  Navicula  amphibola  Cleve  var.  manschurica  var.  nov. 

20.  Pinnularia  mesolepta  Ehrenberg  var.  stauroneiformis  Grunow. 

21.  Pinnularia  brebissoni  Kiitzing  var.  diminuta  V.  Heurck. 

22.  Pinnularia  nodosa  Ehrenberg. 

23.  Pinnularia  legumen  Ehrenberg. 
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Fig.  24.  Pleurostauron  acuta  W.  Smith. 

25.  Stauroneis  phoenicenteron  Ehrenberg  var.  genuina   Cleve  forma. 

26.  Stauroneis  phoenicenteron  Ehrenberg  var.  genuina  Cleve. 

27.  Stauroneis  phoenicenteron  Ehrenberg  var.  amphilepta  Ehrenberg. 

28.  Stauroneis  phoenicenteron  Ehrenberg  var.  vulgaris  Dippel  forma 

intermedia  Dippel. 

29.  Gomphonema  acuminatum  Ehrenberg  var.  coronata  Ehrenberg. 
Figs.  30  and  31.  Gomphonema    acuminatum    Ehrenberg    var.     brebissonii 

Kutzing. 
Fig.  32.  Gomphonema  acuminatum  Ehrenberg  var.  trigonocephala  Ehren- 
berg. 

Plate  3 

Figs.  1  and  2.  Pinnularia  episcopalis  Cleve  var.  manschurica  var.  nov. 
Fig.     3.  Pinnularia  major  Kutzfrig. 

4.  Pinnularia  major  Kutzing  forma  manschurica  forma  nova. 

5.  Pinnularia  viridis  Nitzsch. 

6.  Pinnularia  viridis  Nitzsch  var.  intermedia  Cleve. 

7.  Pinnularia  nobilis  Ehrenberg  var.  intermedia  Dippel. 

8.  Pinnularia  nobilis  Ehrenberg  var.  manschurica  var.  nov. 

9.  Gomphonema  parvulum  Kutzing  var.  micropus  Kutzing. 

10.  Gomphonema  constrictum  Ehrenberg  var.  capitata  Ehrenberg. 

11.  Gomphonema  constrictum  Ehrenberg  forma  curta  Grunow. 

12.  Gomphonema  sphaerophorum  Ehrenberg. 
FIGS.  13  and  14.  Gomphonema  gemmatum  Lyngb. 
Fig.  15.  Cymbella  cuspidata  Kutzing. 

Figs.  16  to  18.  Cymbella  ventricosa  Kutzing. 
Fig.  19.  Amphora  ovalis  Kutzing  var.  libyca  Ehrenberg. 
20.  Cymbella  cuspidata  Kutzing. 

Plate  4 

Figs.  1  and  2.  Cymbella  aspera  Ehrenberg. 

Fig.     4.  Cymbella  aspera  Ehrenberg  var.  elongata  var.  nov. 

5.  Cymbella  aspera  Ehrenberg  var.  manschurica  var.  ncv. 

Plate  5 

Fig.     1.  Cymbella  heteropleura  Ehrenberg. 

2.  Cymbella  tumida  Brebisson  var.  borealis  Grunow. 

3.  Cymbella  cistula  Hempr. 

4.  Cymbella  cistula  Hempr.  var.  manschurica  var.  nov. 

5.  Cymbella  cistula  Hempr.  var.  hinganensis  var.  nov. 

6.  Epithemia  sorex  Kutzing. 

Figs.  7  and  8.  Epithemia  argus  Ehrenberg  var.  amphicephala  Grunow. 
Fig.     9.  Epithemia  argus  Ehrenberg  var.  longicomis  Grunow. 
Figs.  10  and  11.  Epithemia  turgida   (Ehrenberg)   Kutzing. 
Fig.  12.  Epithemia  turgida    (Ehrenberg)    Kutzing  var.  vertagus  Kutzing 
forma. 

13.  Epithemia  turgida   (Ehrenberg)    Kutzing  var.  wester.manni  Kut- 

zing. 
Figs.  14  to  16.  Epithemia  zebra  Ehrenberg. 
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Fig.  17.  Rhopalodia  ventricosa  (Grunow)  0.  Muller. 

18.  Rhopalodia  gibba  (Ehrenberg)  O.  Muller. 

19.  Rhopalodia  gibba  (Ehrenberg)  0.  Muller  var.  major  var.  nov. 

20.  Hantzschia  amphioxys    (Ehrenberg)    Grunow  var.  xerophila  Gru- 

now. 

21.  Hantzschia  amphioxys  (Kutzing)  Grunow  var.  hinganensis  var. 

nov. 

22.  Cymatopleura  solea  Brebisson. 

23.  Cymatopleura  solea  Brebisson  var.  gracilis  Grunow. 

24.  Cymatopleura  elliptica  Brebisson  var.  genuina  Grunow. 

25.  Surirella  robusta  Ehrenberg  var.  manschurica  var.  nov. 

26.  Surirella  linearis  W.  Smith. 
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THE  NATURAL  HISTORY  OF  A  PHILIPPINE  NIPA  HOUSE 
WITH  DESCRIPTIONS  OF  NEW  WASPS 

By  Francis  X.  Williams 

Of  the  Experiment  Station,  Hawaiian  Sugar  Planters1 
Association,  Honolulu 

EIGHT   PLATES 

During  a  residence  of  more  than  two  and  a  half  years 
in  the  Philippine  Islands,  while  engaged  by  the  Experiment 
Station  of  the  Hawaiian  Sugar  Planters'  Association  in  entomo- 
logical work,  I  was  so  deeply  impressed  by  the  abundance, 
diversity,  and  interest  of  the  little  creatures  that  shared  my 
dwelling  that  I  decided  they  should  go  on  record.  The  observa- 
tions that  follow  were  made  chiefly  on  the  northern  island 
Luzon,  with  supplementary  notes  from  Mindoro,  Panay,  Cebu, 
Negros,  and  Mindanao.  The  College  of  Agriculture,  at  Los  Ba- 
nos,  Luzon,  was  my  home  for  the  greater  part  of  the  time,  and 
because  of  its  situation,  at  the  base  of  Mount  Maquiling,  ex- 
tremely rich  in  plant  and  animal  life,  no  better  place  for  this 
study  could  have  presented  itself,  for  not  only  do  the  habitues 
of  man's  domicile  flourish  there,  but  many  denizens  of  the  forest 
make  it  their  abode. 

The  building,  to  receive  the  full  benefit  of  such  occupancy, 
must  be  an  open  nipa  house  (Plate  1,  fig.  1),  preferably  of  some 
antiquity.  No  doubt  the  modernized  screened-in  structures  with 
ceilings  and  tight  wooden  floors  are  more  durable  and  in  some 
ways  excel  in  comfort,  but  they  exclude  such  interesting 
household  pets  as  the  larger  lizards,  the  banana  frog,  and  the 
several  bats,  as  well  as  the  greater  bulk  of  winged  insects  that 
are  attracted  to  lights. 

The  nipa  house  is  usually  constructed  of  four  kinds  of  mate- 
rial ;  namely,  timber,  bamboo,  rattan,  and  nipa.  For  the  founda- 
tion of  the  better  type  of  house  carefully  selected  limbs  or 
tree  trunks  of  the  durable  sort  are  employed.     These  arigues,1 

1  Haligue  or  haligi  (Tagalog)  from  which  harigue  or  arigue  (Spanish), 
usually  the  trunk  of  a  tree  from  which  the  bark  and  branches  have  been 
removed,  used  as  one  of  the  supports  of  a  house;  a  pillar  or  column  of  any 
material  and  shape. — Editors. 
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or  main  posts,  support  the  house  proper  several  feet  off  the 
ground,  and  if  they  are  cracked,  their  splicing  imperfect,  or 
the  wood  liable  to  attacks  of  insects,  to  that  extent  is  the  natural 
history  of  the  domicile  enriched.  Sawn  lumber  is  much  used 
for  flooring.  Bamboo,  the  giant  among  grasses,  grows  in  huge 
clumps  that  rattle  and  creak  weirdly  in  the  breeze,  and  Bam- 
busa  blwneana  Schultes  is  the  most  important  element  in  house 
building.  As  poles  it  forms  the  grosser  framework  of  the  sides 
and  of  the  roof  (Plate  1,  fig.  2)  and,  when  split  into  slender 
laths,  the  more  delicate  structure  there,  as  well  as  the  flooring; 
and  finally,  it  is  woven  as  thin  strips  to  make  sawcde,  which  in 
single  or  double  sheets  is  used  for  wall  material  and  to  cover 
the  sliding  door  and  window  frames.  It  is  obvious  that  bam- 
boo poles,  particularly  if  cracked  open  or  perforated,  furnish 
excellent  retreats  for  the  more  retiring  creatures,  whereas  the 
double  wall  often  harbors  animals  and  nests  of  surprising  bulk. 
Rattan,  or  bejuco  (Calamus),  is  a  slender  climbing  palm  the 
younger  parts  of  which  are  armed  with  annoying  spines.  Its 
stem  is  exceedingly  strong  and,  when  split  into  flexible  strips, 
substitutes  in  great  measure  for  nails,  being  used  in  securing 
the  shingles  to  the  bamboo  framework  and  for  other  light 
work.  The  loose  end  of  a  bejuco  cord  hanging  under  the  roof 
is  often  used  as  a  nesting  site  by  at  least  one  species  of  wasp. 
The  nipa  palm  (Nipa  fruticans  Wurmb)  grows  along  tidal 
streams  throughout  the  Philippines  and  is  a  very  useful  plant. 
It  is  rich  in  sugar,  the  sap  furnishes  an  intoxicating  drink, 
and  the  leaves  are  cut,  folded,  and  fastened  to  form  shingles, 
the  roof  covering  for  the  majority  of  Filipino  houses.  Much 
animal  life  may  lurk  in  such  thatching.  A  bamboo  net  properly 
overlies  the  entire  roof  and  protects  it  from  the  effects  of 
heavy  winds. 

For  our  purpose  it  is  necessary  to  consider  the  furniture,  and 
even  such  embellishments  as  potted  plants,  in  relation  to  the 
house  fauna.  Proximity  to  the  forest,  as  exists  on  the  slopes  of 
Mount  Maquiling,  as  well  as  to  cultivated  garden  plants,  helps 
diversify  this  fauna. 

Included  in  this  obviously  very  imperfect  survey  of  the  ani- 
mal life  of  a  nipa  house,  are  the  animals  that  make  it  their 
permanent  home,  the  regular  patrons,  occasional  visitors,  and 
some  of  the  creatures  that  work,  recreate,  or  rest  in  the  shelter 
of  such  a  building. 

Mention  must  be  made  of  some  of  the  important  accessories 
of  the  more-typical  country-side  dwellings ;  of  the  useful  though 
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ill-smelling  carabao,  or  water  buffalo,  indispensable  in  the  cul- 
ture of  rice,  the  staple  food  in  the  Islands ;  of  the  hard-working 
Philippine  pony;  of  the  specimens  of  the  porcine  world  with 
their  saddle  backs ;  of  the  dogs  and  the  cats ;  and  of  the  domestic 
fowls  that  may  roam  where  they  will.  The  Philippine  game- 
cock is  an  asset  or  a  liability,  as  the  case  may  be,  to  the  roof 
that  shelters  it. 

An  interesting  account  of  insects  found  in  and  about  houses 
in  India  is  given  by  Stebbing.2 

Much  has  been  omitted  from  the  fauna  of  the  Philippine  nipa 
house,  and  it  will  become  evident  that  I  have  favored  some 
groups  over  others,  placing  undue  emphasis,  perhaps,  on  certain 
forms  of  life  that  seldom  occur  in  houses  but  belong  more  prop- 
erly to  the  forest.  Enough  has  been  written,  however,  to  give 
the  reader  a  general  idea  of  what  animal  life  may  be  found  in 
houses  of  the  type  described. 

Thanks  are  here  extended  to  all  of  those  who  have  assisted  me 
in  this  work,  chiefly  to  officers  of  the  United  States  National  Mu- 
seum, for  identifying  various  insects;  to  Dr.  Wm.  M.  Wheeler, 
for  determining  most  of  the  ants;  to  Prof.  T.  D.  A.  Cockerell, 
for  determining  certain  of  the  bees;  to  Mr.  Nathan  Banks,  for 
determining  Neuroptera  and  Corrodentia;  to  Prof.  S.  F.  Light, 
for  determining  the  termites ;  and  to  the  late  Prof.  C.  F.  Baker, 
dean  of  the  College  of  Agriculture,  Los  Bafios,  Philippines,  for 
determinations,  material,  and  for  other  assistance. 

INVERTEBRATES 

SCORPIONOIDEA 

The  scorpion,  a  much-modified  relative  of  the  spider,  has  no 
antennae,  and  the  head  and  thorax  are  inseparably  fused;  on 
the  other  hand,  it  lacks  a  waist,  is  armed  with  a  pair  of  strong 
pincers,  and  the  venom  resides  not  at  the  base  of  the  chelae  or 
fangs,3  but  in  a  poison  sac  and  sting  that  terminate  the  slender 
part  of  the  abdomen,  which  can  be  elevated  and  brought  forward 

2  Insect  Intruders  in  Indian  Homes.  Thacker,  Spink  &  Co.,  Calcutta. 
1-154;  many  illustrations. 

8  In  pseudoscorpions,  which  also  are  Arachnida  much  resembling  a  very 
diminutive  scorpion,  lacking  the  tail,  and  familiar  to  many  of  us  as  occur- 
ring under  bark,  among  old  papers  (book  scorpions) ,  and  also  clinging  by 
means  of  their  strong  pincers  or  chelae  to  insects,  Chamberlain,  Ent.  News. 
35  (1924)  205-209,  fig.,  has  shown  that  for  some  groups  a  well-developed 
poison  apparatus,  residing  in  two  or  in  all  the  fingers  of  the  pedipalpi  and 
opening  near  their  tip,  is  present. 
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over  the  well-segmented  body.  Scorpions  are  solitary  and  noc- 
turnal and  attain  their  greatest  development  in  warm  countries. 
They  do  not  lay  eggs,  and  the  newly  born  young  cling  to  the 
body  of  the  mother  and  are  thus  carried  about  for  some  time. 
They  are  considered  long-lived  creatures ;  and  Fabre,  who  studied 
a  species  in  the  south  of  France,  concluded  that  it  took  them 
several  years  to  reach  maturity.  They  range  in  size  from  about 
15  millimeters  to  more  than  ten  times  that  length.  The  west 
African  Pandinus  imperator  attains  a  length  of  20  centimeters, 
and  the  Indian  Palamnaeus  swammerdami  (Simon)  scarcely  less. 
Very  large  scorpions  also  occur  in  the  southern  Philippines 
and  on  islands  to  the  south,  but  the  house  inmates  treated  here 
are  not  such  monsters;  Hormurus  australasiae  Fabricius,  Isch- 
nuridee  (ischnurus,  slender  tail),  is  the  only  one  I  have  found 
guilty  of  this  domiciliary  habit  about  Los  Banos.  Large  spec- 
imens of  this  species  are  45  millimeters,  or  about  1.75  inches, 
in  length.  The  forceps  are  large  and  stout,  and  the  tail,  though 
slender,  is  comparatively  short.  One  specimen  was  found  on 
the  floor  by  my  bed,  probably  having  been  dislodged  from  the 
nipa  roof  far  overhead ;  another  secreted  itself  between  sheets  of 
some  coarse  botany  paper;  but  probably  a  more  natural  habitat 
was  the  base  of  the  leaves  of  certain  palms  almost  touching  the 
house.  Here  a  female  scorpion  was  seen  with  her  family  of 
fourteen  young  clinging  to  her  legs  and  the  sides  of  her  body, 
not  by  their  pincers  but  by  means  of  their  regular  legs. 

ARACHNIDA 

SPIDERS 

Only  a  few  of  the  many  species  of  house-loving  spiders  can 
be  considered  here.  Some  of  the  Indian  kinds  are  of  very  large 
size,  for  Pocock  4  speaks  of  the  genus  Poecilotheria  (Theraphosi- 
dae),  members  of  which  have  a  body  length  exceeding  5  centi- 
meters, as  dwelling  in  trees  or  in  the  thatch  of  houses.  Un- 
doubtedly, the  most  widely  known  of  all  tropical  house  spiders 
is  Heteropoda  regia  Fabricius,  Clubionidse  (Plate  8,  fig.  5),  a 
long-limbed,  swift  creature  of  flattish  posture  with  a  body  about 
2.5  centimeters  in  length,  that  has  been  artificially  introduced 
from  the  Orient  into  all  tropical  countries.  It  is  known  by 
several  names ;  for  example,  the  Nancy  spider,  in  British  Guiana  ; 
it  is  also  called  the  huntsman;  and,  because  of  its  powers  of 

4  Fauna  Brit.  Ind.,  Arachnida   (1900)    188. 
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progressing  sideways  (laterigrade),  and  perhaps  also  by  reason 
of  its  pose,  the  crab  spider.  To  many  a  newcomer  this  active 
creature,  stretched  out  to  intimidating  dimensions  on  the  wall, 
seems  an  objectionable  roommate,  but  it  is  harmless  and  very 
beneficial  in  habits.  Heteropoda  comes  under  the  category  of 
hunting  spiders,  for  it  spins  no  snare  but  catches  its  prey  by 
rushing  upon  it.  It  inhabits  a  variety  of  places,  patronizing 
the  hollows  of  trees,  living  among  banana  plants,  and  in  the 
Hawaiian  Islands  is  an  object  commonly  observed  in  houses, 
while  out  of  doors  it  may  pass  the  day  squeezed  among  the 
leaf  bases  of  the  larger  plants  of  the  sugar  cane.  The  gauntness 
and  sluggishness  of  individuals  in  houses  often  indicate  that 
they  do  not  always  fare  well  indoors.  The  female  encases  her 
eggs,  to  the  number  of  several  hundred,  in  a  large,  flat  button- 
like cocoon  which  she  carries  about  between  her  legs,  holding 
it  in  position  with  her  leglike  feelers  (pedipalps)  and  her  fangs. 
Ehrhorn5  and  Pemberton  G  found  that  about  thirty-five  days 
were  required  for  hatching,  and  during  all  this  time  Pemberton's 
spider  took  no  food  but  broke  her  fast  on  a  cockroach  imme- 
diately upon  giving  birth  to  her  children.  The  spider  is  useful 
in  the  house,  because  it  feeds  on  cockroaches.  It  comes  cut  of 
its  retreat  at  night  and  is  often  found  on  the  floor.  At  Los 
Banos  I  have  seen  it  eating  a  young  Scolopendra  centipede,  a 
moth,  and  a  long-horned  grasshopper.  It  also  feeds  upon  house 
ants  of  the  genus  Camponotus.  Insects  that  fly  to  light  also 
attract  it.  Wherever  it  travels  it  liberates  a  silken  guide  thread 
from  its  spinnerets. 

Another  laterigrade  spider  of  even  greater  swiftness  than 
Heteropoda  is  a  far  less-common  and  smaller  species  belonging 
to  the  genus  Hersilia  (Hersiliidse).  It  is  characterized  among 
other  ways  by  the  comparatively  short  third  pair  of  legs  and  by 
the  excessively  long  spinnerets — a  pair  of  jointed  appendages 
which  extend  close  together  far  beyond  the  end  of  the  body. 
It  is  more  of  an  outdoor  spider,  living  in  protective  coloration 
on  tree  trunks,  and  occasionally  is  to  be  found  in  a  head-down- 
ward, spread-out,  and  flattened  posture  on  a  porch  post,  occu- 
pying the  same  spot  for  weeks  at  a  time.  At  first  no  web,  apart 
perhaps  from  its  silken  bed,  is  evident;  but  closer  inspection 
shows  that  each  of  the  longer  legs  rests  on  a  strong  thread,  the 
threads  collectively  radiating  from  her  as  a  center,  the  strands 

5Proc.  Haw.  Ent.  Soc.  2   (1912)    196. 
6Proc.  Haw.  Ent.  Soc.  3  (1917)  273. 
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keeping  close  to  the  curvature  of  the  post  and  joining  outwardly 
to  form  a  somewhat  oblong  rosette  (Plate  4).  Presumably,  any 
small  creature  stepping  on  one  of  these  threads  would  notify 
the  proprietor  thereby  and  a  meal  for  the  spider  might  result. 
It  is  an  exceedingly  swift  spider  that  literally  shoots  around  to 
the  other  side  of  the  tree  or  post  when  disturbed. 

Among  the  Attidse  (Salticidse)  are  several  species  that  may 
frequent  houses.  This  very  extensive  family  contains  the  fami- 
liar, thickset,  little  jumping  spiders,  sharp-sighted  and  sun- 
loving,  that  creep  up  to  their  prey  and  pounce  upon  it  with  sur- 
prising accuracy.  They  are  often  brightly  colored  and  sometimes 
of  rather  striking  from,  particularly  those  resembling  ants, 
with  which  they  may  then  associate.  They  form  no  web  except 
a  sort  of  tubiform  retreat  in  which  to  lay  eggs,  cast  their  skins 
and,  in  temperate  countries,  to  pass  the  winter. 

I  shall  now  touch  briefly  upon  a  few  of  the  sedentary  kinds  of 
spiders,  that  spin  webs  in  which  to  ensnare  their  prey.  Some 
of  these,  because  of  their  habit  of  living  in  or  near  buildings, 
easily  lend  themselves  to  transportation  and  thus  have  spread 
to  many  countries.  Foremost  in  size  and  striking  appearance, 
though  far  less  domiciliary  than  some  others,  are  members  of 
the  genus  Nephila  (Plate  7,  fig.  2)  (Argiopidse)  that  have  rep- 
resentatives throughout  the  Tropics.  Here  exists  an  immense 
disparity  in  size  between  the  two  sexes  for,  while  a  female  may 
be  5  centimeters  in  length  of  body  and  12  to  15  in  spread  of 
legs,  the  male  is  probably  not  the  hundredth  part  of  her  bulk. 
They  are  prettily  marked  in  silvery  yellows,  reds,  and  blacks, 
but  what  chiefly  brings  them  to  notice  is  the  very  large,  strong, 
and  sticky,  as  well  as  annoyingly  situated  orb  web  they  spin. 
These  webs,  which  may  be  several  feet  in  diameter,  are  made 
of  smooth  inelastic  silk  and  some  very  strong,  sticky,  yellow 
threads,  and  have  been  known  successfully  to  entangle  small 
birds. 

Nephila  maculata  Fabricius  is  a  common  oriental  species  that 
occasionally  spins  her  orb  on  or  near  porches  at  the  College 
of  Agriculture,  Los  Baiios.  The  comparatively  small  reddish 
male  often  rests  near  the  outer  edge  of  the  great  web  which  is 
not  quite  vertical,  and  in  the  center  of  the  underhanging  side 
of  which  the  big  female  stays.  Other  smaller  spiders,  polished 
reddish  ones  to  the  number  of  a  dozen  or  more,  some  with  the 
abdomen  markedly  humped,  may  share  her  web,  spinning  in  it 
delicate  threads  of  their  own  to  suit  their  needs,  and  feeding 
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upon  insects  entangled  in  the  communal  net.  Nephila  usually 
lives  along  wooded  paths  or  about  trees  and  bushes  where  a 
large  variety  of  insect  prey  is  available;  those  making  their 
orbs  about  house  porches  perhaps  do  not  thrive  so  well.  The 
prey  is  often  enshrouded  in  silk  and  then  sucked  of  its  juices, 
and  the  remnants,  like  any  foreign  material,  cut  out  of  the  web 
and  dropped.  The  large  Ornithoptera  butterflies  sometimes  fall 
victims  to  these  spiders,  and  I  once  saw  the  big  malodorous 
pentatomid  bug  Tesseratoma  longicornis  being  eaten  by  one  of 
these  spiders  that  had  spun  on  the  porch.  This  victim  was  not 
yet  dead  and  its  odor  was  noticeable  from  a  distance  of  a  foot 
or  more  away;  soon  the  arachnid,  as  though  the  flavor  were 
too  much  for  her,  ceased  biting  into  her  prey,  wrapped  it  up 
a  little,  bit  off  all  of  its  sustaining  threads  but  one,  made  this 
one  more  secure,  and  then  commenced  cleaning  the  terminal 
joints  of  her  legs  that  had  probably  been  affected  by  the  bug's 
odor.  Nevertheless,  she  later  continued  her  meal  upon  this 
pungent  morsel  and  was  not  done  with  it  until  the  following  day. 
At  first,  hovering  toward  dusk  in  a  little  swarm  about  the  car- 
cass, but  eventually  feeding  in  company  with  the  spider,  were 
a  number  of  little  fly  midges,  their  heads  in  at  the  unoccupied 
wounds  made  by  her.  These  spiders  envelop  their  eggs  in  a 
silken  cocoon.  The  habits  of  the  giant  wood  spider  (Nephila 
maculata)  are  treated  at  length  by  Hingston  in  India.7 

The  tetragnathous  spiders  (Argiopidse)  are  most  easily  rec- 
ognized by  their  long  projecting  chelicerae,  or  mandibles,  and 
elongate  bodies  and  legs  which,  when  at  rest,  are  stretched  out 
fore  and  aft.  Two  or  three  species  were  observed  with  their 
orbs  fastened  to  the  tips  (leaflets)  of  the  nipa  shingles  that 
projected  over  the  eaves.  The  spiders  remain  concealed  during 
the  day,  inconspicuously  stretched  out  along  the  underside  of 
the  extremity  of  a  palm  shingle,  but  toward  dusk  much  life  is 
evident  in  this  leaf  fringe  thrown  out  against  the  fading  sky; 
nets  are  made  over  or  repaired,  the  body  being  twisted  awk- 
wardly during  this  operation;  then  the  artisans,  assuming  a 
more  relaxed  posture  in  the  orbs,  await  their  prey.  These  orbs 
are  slightly  off  vertical  and  one  measured  30  centimeters  wide  by 
8  centimeters  high;  size  and  configuration  are  probably  gov- 
erned to  a  great  extent  by  the  points  of  attachment  available. 
Little  flies,  caddis  flies,  and  winged  termites  constitute  a  good 

7  Journ.  Bombay  Nat.  Hist.  Soc.  28  (1923)  642  et  seq.,  4  parts. 
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part  of  their  food.  The  tetragnathous  spiders  are  very  active 
orb  weavers  and  many  of  them  show  a  predilection  for  spinning 
over  or  near  water.  Some  species  have  a  very  wide  distribution 
and  in  the  Hawaiian  sugar-cane  fields  one  or  more  kinds  were 
often  conspicuous  during  the  bad  leaf-hopper  years  and  fed 
mainly  upon  this  pest. 

The  family  Pholicidse  is  made  up  of  very  long-legged  spiders 
represented  in  Philippine  houses  by  at  least  two  species.  One 
of  these  hangs  in  its  webs  in  some  corner,  and  when  disturbed 
shakes  rapidly  up  and  down  with  the  structure.  In  aspect  and 
coloration  they  strongly  resemble  certain  "daddy  longlegs"  (ti- 
pulid  flies)  in  the  Philippines,  which  hang  by  their  anterior 
legs  to  a  horizontal  spider  thread  and  swing  in  unison. 

Usually  extending  from  beam  to  beam  on  the  underside  of 
the  bamboo  lath  flooring  are  numerous,  unsightly  spider  webs 
that  catch  the  floor  sweepings  of  dust,  termite  wings,  etc.,  the 
snares  of  what  appears  to  be  Artema  atlanta,  the  dominant 
spider  under  the  floor.  They  crouch  upside  down  in  these  thin 
webs  that  are  domed  in  the  center  or  to  one  side.  An  interest- 
ing account  of  common  Indian  spiders  is  given  by  Gravely.8 

CHILOPODA  and  DIPLOPODA 

CENTIPEDES  AND  MILLIPEDES 

No  matter  how  well  ordered  the  nipa  house,  it  is  sure  to 
harbor  some  of  these  elongate  arthropods.  Centipedes  (Chilo- 
poda)  are  usually  provided  with  a  single  pair  of  legs  to  each 
segment,  the  first  pair,  however,  being  modified  as  poison  claws 
with  which  the  animals  defend  themselves  or  seize  and  subdue 
their  prey.  They  are  as  a  rule  very  swift  of  movement,  particu- 
larly the  forms  that  are  not  overburdened  with  an  extreme  length 
of  body  or  multiplicity  of  ambulatory  appendages.  Millipedes 
(Diplopoda)  have  most  of  the  segments  equipped  with  two  pairs 
of  legs,  and  are  generally  inoffensive  to  man.  Their  movements 
are  usually  much  slower  than  those  of  the  centipedes,  and  they 
seek  protection  when  attacked,  mainly  by  curling  up  into  a  spiral 
and  by  exuding  a  strong  fluid  that  is  often  capable  of  burning 
the  skin.  Centipedes  are  mainly  predaceous.  Millipedes,  on 
the  other  hand,  commonly  eat  plant  food  or  act  as  scavengers  in 
organic  material. 

8Journ.  Bombay  Nat.  Hist.  Soc.  28   (1923)   1045-1050,  5  pis. 
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About  Los  Baiios  perhaps  the  most  frequently  observed  centi- 
pede in  houses  is  a  very  slender,  many-legged  one  abundant  in 
the  leaf  thatching  and  also  to  be  found  crawling  along  the  floor 
or  other  woodwork.  Its  means  of  defense — as  when  roughly 
handled,  or  wounded — consists  in  exuding  a  luminous  substance 
of  distinctive  odor  from  the  sides  of  its  body  and  thereby  pro- 
ducing a  greenish  yellow  light  in  the  darkness.  However,  this 
centipede,  small  and  slender,  is  harmless  to  man,  but  probably 
large  species,  of  the  well-known  genus  Scolopendra,  that  often 
frequent  houses  in  the  Tropics,  are  capable  of  causing  great 
pain.  Nevertheless,  they  must  be  regarded  as  generally  bene- 
ficial, since  they  wander  about  at  night  in  search  of  cockroaches, 
beetles,  and  other  vermin.  Occasionally,  a  more-venturesome 
one  will  attack  very  large  quarry,  as  can  be  seen  from  the 
following  quotation : 9 

I  was  disturbed  one  night  by  the  noise  of  a  sparrow  in  distress,  and 
thinking  that  a  snake  had  probably  got  hold  of  it,  I  pulled  down  the  nest 
which  was  in  the  roof  of  my  verandah,  and  found  a  large  centipede  clinging 
round  the  sparrow's  body  with  its  head  buried  in  the  bird's  side.  The 
centipede  would  not  or  could  not  let  go  its  hold,  and  was  cut  away  with  a 
pair  of  scissors. 

The  sparrow  had  a  hole  in  its  side  about  half  an  inch  in  width  and  the 
same  in  depth,  and  was  quite  dead  and  fell  to  the  ground  when  I  pulled 
the  nest  down. 

Millipedes  are  more  rarely  encountered  in  nipa  houses.  At 
Los  Baiios  an  ordinary-looking,  cylindrical  species  occasionally 
crawls  up  into  a  stilted  house  and  one  such  arthropod  or,  rather, 
half  of  one  was  seen  to  fall  from  the  ceiling;  the  inference  is 
that  a  house  lizard  had  cut  it  in  two. 

ORTHOPTERA 

BLATTID^E 

COCKROACHES 

Several  species  of  cockroaches  inhabit  houses,  and  some  of 
these  are  of  cosmopolitan  distribution.  No  list  of  Philippine 
species  was  made,  but  one  is  sure  to  find  the  large  brown  Peri- 
planeta  americana  (Linnaeus),  and  Blatella  germanica  (Lin- 
naeus), the  Croton  bug,  among  those  present  in  nipa  houses. 
Periplaneta  australasiae   (Fabricius),  much  like  an  undersized 

'Cumming,  W.  D.,  Journ.  Bombay  Nat.  Hist.  Soc.  15  (1903-1904)  364, 
365.     Ormara,  Persian  Gulf,  July,  1903. 
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P.  americana,  is  common  at  Los  Banos  and,  if  something  ap- 
petizing was  placed  in  the  waste-paper  basket  in  my  room  and 
at  night  a  flash  of  light  directed  on  this  paper-lined  receptacle, 
it  startled  the  cockroaches,  great  and  small,  and  they  dispersed 
noisily.  What  appears  to  be  Lupparia  adimonialis  Walker  and 
a  species  of  a  genus  rather  close  to  Lupparia  have  also  been 
taken  indoors  at  Los  Banos. 

Most  roaches  of  more  or  less  domiciliary  habit  are  nocturnal 
and  fond  of  hiding  during  the  day  in  dark  places ;  there  is  one 
species  (Holocompsa  debilis  Walker)  that  is  often  seen  in  the 
daytime  in  and  on  houses,  but  scarcely  addicted,  I  believe,  to 
frequenting  the  kitchen.  This  little  species  is  between  4  and  5 
millimeters  long  and  moves  about  in  sprightly,  jerking  fashion, 
and  strongly  suggests  a  small,  thickset  bug.  It  appears  native 
to  the  East  Indies. 

ISOPTERA 

TERMITES,  OR  WHITE  ANTS 

No  list  of  tropical  house  fauna  would  be  complete  that  did 
not  include  termites,  those  insidious  social  insects  that  fly  to 
our  lights  in  rustling  swarms  and  pursue  their  hidden  work  of 
destruction  within  our  house  timbers  and  furniture.  The  study 
of  these  most  interesting  pests  is  fraught  with  difficulty,  as  an 
unsatisfactory  classification  shows,  while  their  biology  is  of  a 
secretive  and  often  very  complex  nature  and  presents  many 
problems  to  the  student.  Their  colonies  are  frequently  com- 
posed of  immense  numbers  of  individuals  and  this  fact,  coupled 
with  subterranean  or  internal  habitats,  renders  them  foes  es- 
pecially difficult  to  cope  with. 

Despite  their  destructive  habits,  termites  play  a  useful  part 
in  nature ;  to  quote  Imms  10 — 

The  role  of  subterranean  termites  has  been  compared  by  Drummond 
("Tropical  Africa")  with  that  of  earthworms.  By  means  of  their  un- 
derground activities  they  keep  the  soil  in  constant  circulation,  rendering 
it  permeable  to  air  and  moisture.  Also  the  faecal  matter  of  these  insects 
serves  to  enrich  the  soil  that  is  free  from  the  burrows  of  these  insects, 
and  the  number  of  individuals  of  the  latter  present  defies  all  calculation. 

Termites  assist  in  the  disintegration  of  dead  timber.  In 
some  tropical  countries  the  material  from  termite  mounds  is 
gathered  and  pounded  down  to  make  a  very  serviceable  ground 
flooring  for  outhouses,  tennis  courts,  etc. 

10  A  General  Textbook  of  Entomology  (1924)  266. 
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The  Philippines  has  a  wealth  of  Termitidse,  or  anay,  as  they 
are  called  in  the  Tagalog  dialect,  and,  while  but  thirty-nine 
species  appear  to  have  been  listed  and  described  from  there,11 
many  new  ones  will  undoubtedly  be  found  in  the  Islands.12  Con- 
siderable work  has  been  done  on  the  life  history  and  classifica- 
tion of  termites,  and  a  very  good  general  idea  of  these  insects 
is  given  by  Wheeler  13  and  by  T.  E.  Snyder.14  As  many  as  eight 
castes  exist  among  the  Termitidse  and,  as  these  are  represented 
by  both  sexes,  there  can  be  sixteen  different  kinds  of  individuals.15 
There  may  be  three  forms  of  functional  males  and  females,  the 
first  of  which  is  familiar  to  us  as  the  flying  specimens,  and  it 
is  the  female  or  queen  of  this  form,  when  successful  in  starting 
a  colony  with  her  mate,  that  may  develop  an  abdomen  so  large 
as  somewhat  to  suggest  a  potato  and  renders  her  quite  helpless 
to  feed  herself  or  to  take  a  stroll.  In  fact,  because  of  her  in- 
creasing size,  she  is  a  prisoner  within  the  royal  chamber.  Such 
a  queen  lives  for  years  and  lays  an  enormous  number  of  eggs 
and  is  capable  of  producing  all  the  castes  peculiar  to  the  species. 
The  other  two  castes  of  functional  females  are  flightless  and 
usually  of  smaller  size  and  less  chitinized,  and  are  not  able  to 
produce  forms  above  their  rank.  The  soldiers  and  the  workers 
are  sterile,  but  modified  otherwise,  as  their  names  imply;  the 
workers  usually  form  the  great  bulk  of  the  nest  population.  The 
soldiers  have  the  head  remarkably  developed  as  to  size,  shape, 
chitinization,  and  function;  many  have  powerful  nipping  jaws, 
others  the  power  to  eject  a  milky  or  a  clear,  repellent  liquid 
through  the  front  of  the  head,  which  is  sometimes  greatly  pro- 
duced as  a  snout.  These  soldiers,  male  and  female,  are  true 
protectors,  and  frequently  act  as  scouts  and  guard  the  line  of 
march.  As  a  rule,  only  the  functional  males  and  females  have 
compound  eyes. 

Many  kinds  of  termites  make  nests  wholly  or  in  part  above 
ground,  as  mounds  or  carton  nests;  these  are  composed  to  a 
large  extent  of  excreta  and  masticated  soil  and  wood  materials. 
There  are,  as  in  certain  ants   (Atta,  etc.),  termites  that  cul- 

11  Light,  S.  F.,  Notes  on  Philippine  termites,  Philip.  Journ.  Sci.  18  (1921) 
234-257;   19    (1921)   23-64,  6  pis.  and  3  text  figs. 

"About  1,500  species  of  termites  have  been  described  for  the  world, 
Cleveland,  Quart.  Rev.  Biol.  1    (January,  1926). 

18  Social  Life  Among  the  Insects.  New  York,  Harcourt,  Brace  and  Co. 
(1923)   1-375,  illus. 

"Biology  of  the  termite  castes,  Quart.  Rev.  Biol.   1    (October,   1926). 

"Wheeler,  op.  cit. 
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tivate  fungus  in  subterranean  gardens,  as  illustrated  in  a  com- 
mon large  Philippine  mound  builder,  Macrotermes  gilvus 
Hagen;1G  others  are  not  thus  agriculturally  inclined,  although  a 
few  collect  grass,  lichens,  etc. ;  most  of  them,  however,  with  the 
aid  of  an  intestinal  fauna  of  Protozoa,  eat  raw  or  decaying 
wood.  Cleveland  17  has  found  that  in  three  of  the  four  families 
of  termites,  namely,  Mastotermitidse,  Kalotermitidse,  and  Rhi- 
notermitidae,  there  is  a  large  quantity  of  intestinal  Protozoa ;  he 
says,  "the  protozoa  in  these  insects  weigh  almost  as  much  as  the 
insects  themselves."  He  goes  on  to  say  that  most  species  of 
the  fourth  family,  the  Termitidse,  that  had  been  examined  had 
no  Protozoa  and  that  some  of  these  lacking  Protozoa  have  been 
shown  to  cultivate  fungi  which  they  eat  "along  with  soil,  cel- 
lulose and  hemicellulose  which  the  fungus  has  acted  upon." 
Here  each  outgoing  queen  carries  away  a  bit  of  fungus  for  a 
new  colony. 

Certain  species,  as,  for  instance,  the  Hawaiian  Coptotermes  in- 
trudens,  damage  buildings,  etc.,  both  above  and  below  ground, 
but  these  must  nest  in  the  soil  (soil-nesting  termites),  while 
Cryptotermes  piceatus  of  the  same  locality  has  been  termed  the 
dry-wood-inhabiting  termite,  from  its  custom  of  living  in  and 
damaging  wood  above  ground.18  When  in  quantity  some  ter- 
mites, if  under  dry  leaves,  etc.,  are  capable  of  producing  a  sound 
comparable  to  grains  of  sand  falling  upon  paper;  this  is  done, 
I  believe,  by  striking  the  head  briskly  against  the  debris. 

Termites  have  many  enemies,  among  them  various  anteaters 
(mammals)  ;  such  birds  as  swallows  and  swifts,  which  secure 
them  in  quantity  in  their  late  afternoon  flights ;  and  lizards  and 
numerous  insects.  Of  the  latter  ants  are  probably  the  most  for- 
midable; larger  carnivorous  species,  particularly  of  the  sub- 
family Ponerinse,  carry  the  termites  off  bodily  where  they  are 
exposed  to  their  attacks ;  the  smaller  ants  invade  their  burrows 
and  drive  them  back.  On  the  whole,  however,  the  termites  are 
so  well  organized  and  so  prolific  that  they  usually  more  than 
hold  their  own.  There  appear  to  be  no  insect  parasites  that 
destroy  them  wholesale,  and  the  illustration    (Plate  5,  fig.  1) 

16  See  L.  B.  Uichanco,  Philip.  Journ.  Sci.  15  (1919)  59-66,  4  pis.,  for 
descriptions  and  illustrations  of  Macrotermes  fungus  gardens  in  the 
Philippines. 

17  Quart.  Rev.  Biol.  1    (January,  1926)  53. 

18  See  Muir  and  Swezey  and  Fullaway,  Haw.  Planters'  Rec.  30  (July, 
1926) ;  and  Fullaway,  in  Haw.  For.  &  Agr.  (July-September,  1926). 
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of  a  worker  of  what  is  probably  Microcerotermes  los-banosensis 
Oshima  with  an  exoparasite,  or  guest  larva,  clinging  to  its  throat 
shows  something  not  often  seen;  the  affected  termite,  taken 
from  a  carton  nest,  did  not  appear  handicapped  by  its  burden 
which,  presently  dropping  off,  revealed  a  beetle  (?)  larva  with 
a  small  head  and  three  pairs  of  short  legs,  its  general  ap- 
pearance recalling  that  of  a  rather  smooth,  glassy  white  lady- 
beetle  larva.  Termites  have  a  diversity  of  guests  inside  their 
nests  and  also  suffer  from  worm  parasites  within  their  bodies, 

CRYPTOTERMES    CYNOCEPHALUS    Light. 

Of  this  species  Light 19  says :  "House  termites,  living  in  the 
dry,  seasoned  wood  of  planks  and  boards  of  houses,  in  furni- 
ture, in  picture  frames,  etc." 

CRYPTOTERMES    (PLANOCRYPTOTERMES)    NOCENS   Light. 

This  has  much  the  same  habits  as  the  preceeding.  It  is 
common  at  Los  Baiios,  in  wooden  houses,  and  Light  (1921,  p. 
47)  believes  it  is  the  commonest  house  termite  in  Manila. 

COPTOTERMES  VASTATOR  Light,  MS. 

This  is  held  by  Light  to  be  the  most  injurious  Philippine 
termite.  At  Los  Banos  it  makes  firm,  rather  narrow  runways 
on  houses,  etc.,  from  the  ground. 

MACROTERMES   GILVUS   Hagen. 

The  winged  form  of  this  large  termite  expands  nearly  5 
centimeters.  The  species  is  a  common  mound  builder  but 
also  attacks  house  wood  on  the  ground  and  "makes  earthen 
runways  over  trees  and  shrubs,  eating  their  bark." 

NASUTITERMES   LUZONICUS    (Oshima). 

This  species  is  injurious  to  various  trees  and  to  "wooden 
parts  of  houses."  It  makes  carton  nests  on  tree  trunks.  The 
soldiers  have  long-beaked  heads.     A  common  species. 

MICROCEROTERMES   LOS-BAffOSENIS   Oshima. 

Light  (1921,  p.  254)  says:  "One  of  our  commonest  Philippine 
termites.  Makes  hard  nests  at  base  of  bamboo,  cocos,  Pitheco- 
lobium,  etc.,  and  builds  tunnels  over  them.  Occasionally  at- 
tacks houses  and  furniture."  A  nest  of  this  species,  found  on 
the  lower  slopes  of  Mount  Maquiling,  was  over  30  centimeters  in 
diameter,  resting  on  the  ground  or  somewhat  embedded  in  it. 
It  was  made  of  stiff,  strong,  cartonlike  material  and  was  finely 

19  Philip.  Journ.  Sci.  19   (1921)  40. 
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labyrinthal  in  character.  No  true  queen  was  found,  although 
at  least  a  dozen  complementary  ones,  of  the  second  order,  with 
fat  bodies,  chitinized  sclerites,  and  wing  pads,  were  present. 
This  species  is  occasionally  rather  injurious  in  sugar-cane  fields; 
as  it  hollows  out  the  living  stems  of  the  plant  sometimes  for  30 
centimeters  or  more  above  ground.  The  soldiers  have  long 
and  effective  mandibles. 

THE  "day  forager"  hospitalitermes  saraiensis  oshima 

A  ribbonlike  stream  of  polished  brown  insects  is  moving 
steadily  down  one  of  the  arigues;  it  continues  its  course  along 
the  ground  and  finally  pours  into  a  hole  at  the  base  of  a  hollow 
tree.  This  early  morning  scene  is  enacted  by  Hospitalitermes 
saraiensis,  a  "white  ant,"  and  perhaps  the  only  Philippine 
species  of  the  genus  that  probably  owes  its  dark  skin  to  a 
rather  exposed  manner  of  living,  a  habit  that  sets  it  quite  apart 
from  its  more-injurious  relatives.  It  is  typically  a  woodland 
insect,  whose  orderly  columns  are  often  seen  crossing  some 
forest  trail,  and  only  where  there  is  a  considerable  extent  of 
shade  and  trees  do  we  find  it  in  the  neighborhood  of  houses. 
Such  a  favorable  habitation  was  the  old  forestry  building 
perched  well  up  on  the  slopes  of  Mount  Maquiling.  Hospita- 
litermes is  frequently  spoken  of  as  diurnal;  this  is  not  alto- 
gether correct,  for  the  truth  of  the  matter  is  that  the  colony 
has  so  much  outdoor  work  to  do  that  the  entire  night  and  a  good 
part  of  the  day  are  required  to  accomplish  it. 

It  is  quite  worth  while  to  devote  a  little  study  to  these  re- 
markable termites;  their  life  above  ground  is  fairly  easy  to 
observe  and  is  what  must  chiefly  concern  us.  Their  hours  of 
toil  in  the  open  are  naturally  somewhat  irregular,  but  a  late 
afternoon  or  early  evening  will  generally  find  their  dark  shining 
forms  massed  about  the  entrance  of  the  burrow,  preparatory 
to  a  forage  in  the  field.  As  one  views  the  multitude  that  seems 
so  reluctant  to  leave  its  domicile,  he  will  see  that  there  are 
two  forms  of  these  termites  present,  each  with  its  own  line 
of  duty;  the  soldiers  with  their  elephantlike  brows  and  noses, 
long-legged  and  more  active,  act  as  scouts  and  guards  and  see 
that  the  way  is  clear  of  danger,  and  the  workers,  more  lowly 
and  less  venturesome,  that  form  the  bulk  of  the  population 
of  the  nest.  The  soldiers  do  not  have  the  powerful  nippers  that 
characterize  this  caste  in  the  majority  of  species  of  termites, 
but  their  retort-shaped  heads  secrete  a  fluid  which  is  discharged 
through  the  long  "snout"  and  serves  to  keep  off  enemies.     Nasute 
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soldiers  in  the  termites  are  also  credited  with  using  this  fluid  as  a 
cement  for  constructing  the  nest.20 

On  the  dull  afternoon  of  July  24,  1921,  preparations  were 
being  made  for  an  excursion.  At  4.50  p.  m.,  eighteen  snouted 
scouts  appeared  on  the  arigue;  they  seemed  in  an  undecided 
frame  of  mind,  advancing,  spreading  out,  retreating;  at  one 
moment  eight  were  to  be  seen,  then  there  were  but  two,  far 
up  the  post.  Down  below  and  some  distance  away  a  mixed 
crowd  of  termites  was  issuing  from  the  ground.  Shortly  after 
5  p.  m.  none  of  the  insects  was  visible  above;  the  few  scouts 
were  in  touch  with  the  guarded  line,  now  apparently  well  under 
way;  but  at  5.50  p.  m.  it  was  drawing  back,  and  we  could  not 
but  mark  its  caution.  Finally,  at  6.30,  when  darkness  was 
coming  on,  the  column  with  some  assurance  had  ascended  the 
arigue  to  a  considerable  height,  workers  and  scouts  intermingled, 
and  a  few  had  spread  out  on  the  bamboo  porch.  So  the  line 
swelled,  two  or  three  workers  abreast,  well  protected  by  the 
outfacing  guards,  and  while  there  may  have  been  some  back- 
and-forth  movement,  it  rapidly  climbed  upward.  Denser  and 
denser  it  became,  the  hurrying  throng  increased  to  ten  or  more 
workers  wide,  and  in  addition,  a  more-open  sheet  of  them  had 
formed  on  the  arigue;  but  the  objective  was  a  large  beam  along 
the  wall  of  the  room,  along  which  they  spread  from  end  to  end. 
Here  and  there  workers  collected  in  groups,  biting  off  tiny 
splinters  and  chewing  them  into  a  pulp.  There  were  many 
thousands  of  these  foragers  here  and  no  doubt  as  large  a  num- 
ber in  the  nest.  At  a  quarter  to  ten  they  were  still  pouring 
out  of  the  ground,  but  there  were  also  workers,  carrying  before 
them  in  their  jaws  pellets  of  comminuted  wood,  entering  the 
ground.  At  10.05  p.  m.  by  far  the  greater  bulk  of  travelers 
was  still  outbound.  Here  observations  were  suspended  until 
6.15  the  following  morning,  when  many  were  still  on  the  beam 
in  the  room,  but  there  was  a  general  movement  homeward 
(Plate  5,  fig.  2) .  For  a  while  two  little  groups  of  pellet  carriers 
at  the  base  of  the  post  indicated  congestion  in  the  traffic,  but 
at  last,  with  a  few  soldiers  properly  bringing  up  the  rear,  all 
were  safe  at  home. 

The  pellet  carriers  form  only  a  small  percentage  of  the  army, 
because  one  pellet  is  the  work  of  many  individuals,  as  we  shall 
now  see.  The  numerous  chewers  of  wood,  which  do  not  ap- 
pear to  be  of  a  different  caste  from  the  pellet  carriers  (perhaps 

20  See  Sharp,  Cambridge  Natural  History  5    (1895)   370,  371. 
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the  work  of  both  is  interchangeable),  are  intent  upon  their 
work,  heads  applied  to  the  perfectly  sound  wood,  whether  it 
be  the  beam  or  the  bamboo  flooring.  Tiny  splinters  appear  and 
soon  a  masticated  mouthful  is  collected.  Sparse  among  the  mass 
of  termites,  workers  carrying  large  or  small  loads  stand  around 
or  walk  about  a  little.  From  time  to  time  one  of  these  is  ap- 
proached by  a  single  wood  chewer  or  by  a  little  group  of  them ; 
it  faces  these  readily  and  accepts  their  contribution  stuck  on 
to  its  load  as  a  little  mass  of  moist,  rather  stringy,  and  perhaps 
regurgitated  paste.  Thus  the  burden  increases  in  size,  passers- 
by  adding  to  it  until  it  is  deemed  of  sufficient  bulk  to  be  borne 
nestward.  Presumably  most  of  the  wood  chewers  return  to  the 
burrow  without  any  apparent  load.  This  work  may  begin  com- 
paratively early  in  the  evening  and  be  maintained  up  to  8  o'clock 
or  even  later  on  the  following  morning. 

The  damage  these  Hospitalitermes  do  to  woodwork  seems  very 
superficial  for,  while  they  may  patronize  the  same  area  day  after 
day,  the  layer  removed  is  almost  imperceptible.  It  is  presumed 
that  at  least  some  of  this  cellulose  is  used  as  food,  and  some 
perhaps  for  making  the  termitarium.  Away  from  human  hab- 
itations the  materials  are  probably  collected  from  the  trunks 
of  trees,  and  one  lot  was  observed  making  up  pellets  from  the 
stem  of  a  royal  palm  (Oreodoxa  regia).  Sometimes  they  are 
very  late  in  returning  home,  for  it  may  be  after  midday  before 
all  are  within ;  they  are,  nevertheless,  careful  to  keep  their  line 
of  march  as  much  as  possible  in  the  shade,  and  the  path  on 
which  their  multitudes  pass  becomes  smooth  and  well  defined. 
Both  soldiers  and  workers  sometimes  vibrate  the  body  back 
and  forth.  The  soldiers  are  always  alert  and  stand  high  on 
their  legs,  the  forepart  raised  more  than  the  posterior,  giving 
them  the  appearance,  when  stopped,  of  trying  to  scent  danger; 
they  diffuse  a  rather  pungent  spicy  odor,  somewhat  like  cinna- 
mon; crushed  soldiers  smell  strongly  of  it,  workers  little,  if 
at  all. 

The  mouths  of  an  occupied  nest  are  often  if  not  usually  shining 
with  the  dark-colored  inhabitants  which  frequently  overflow  it; 
both  soldiers  and  workers  are  apparently  blind.  The  large, 
dark,  adult,  winged  forms,  however,  are  provided  with  both 
simple  and  compound  eyes,  and  come  out  of  the  nest  at  dusk, 
wander  timidly  among  their  apterous  brethren,  and  seem  very 
loath  to  take  wing.  One  or  two  very  short  flights  were  ob- 
served early  in  December. 
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To  test  the  aggressiveness  of  the  defenders,  an  active,  long- 
legged,  pale  red  ant,  Anoplolepis  longipes  Jerdon  21  was  placed 
in  their  midst  and  near  the  entrance  to  the  burrow;  it  hurried 
away,  but  I  repeated  the  performance  until  some  of  the  workers 
grabbed  the  ant's  legs  in  their  mandibles,  the  soldiers  only- 
pointing  or  jerking  their  long  noses  at  it,  no  doubt  with  an  un- 
pleasant effect.  Blowing  one's  breath  upon  the  termite  stream 
makes  it  "freeze"  or  halt  instantly  in  its  tracks ;  then  it  breaks 
up  in  confusion,  but  in  the  end  the  march  is  resumed  in  good 
order.  Stirring  up  the  nest  immediately  brings  forth  the  pun- 
gent spicy  odor,  and  some  soldiers  and  workers  crawl  over  the 
devastating  hands,  the  workers  feebly  attempting  to  bite. 

One  of  the  larger  nests — if,  indeed,  the  several  proximate 
nests  were  not  all  joined  together  underground — was  dug  up 
in  an  unsuccessful  attempt  to  find  the  queen.  The  nest  was  in 
the  hollow  of  a  Cordia  myxa  tree,  extending  against  it  partly 
above  ground,  and  below,  following  an  old  root  for  30  centi- 
meters or  more  beneath  the  level  of  the  soil.  Above,  there 
was  a  sort  of  embankment  of  packed  earth  particles.  The  body 
of  the  nest  consisted  of  an  aggregate  of  thin-walled  chambers, 
dark  sooty  brown  or  black,  forming  a  sort  of  labyrinth,  and 
was  crowded  with  termites.  The  strong  spicelike  odor  per- 
meated the  structure.  No  eggs  were  found,  though  tender,  white 
young,  and  soldiers  beginning  to  brown  up  were  plentiful.  Some 
of  the  workers  became  aggressive,  but  most  of  the  army  as- 
cended the  Cordia  trunk  carrying  in  their  jaws  many  of  the 
young.  A  few  of  the  latter  walking  by  themselves  were  not 
long  allowed  to  do  so  by  their  solicitous  caretakers.  A  few  of 
the  young  (nymphs)  had  wing  pads.  The  heart  of  the  nest, 
still  farther  underground,  was  not  reached.  This  ruined  struc- 
ture, with  its  inmates  scattered  about  in  wild  confusion,  was 
not  long  in  attracting  large  predaceous  muscoid  flies  of  the 
genus  Bengalia  (B.  latro  de  Mei jere) ,  as  well  as  other  dipterans 
of  smaller  size,  that  flew  about  with  a  distinct  high-pitched  buzz 
and  that  did  not  appear  to  be  of  carnivorous  habits. 

Bengalia  is  nothing  if  not  bold,  nimble,  and  well  able  to  take 
care  of  itself  where  swarms  of  ants  or  termites  are  concerned. 
These  big  brownish  flies,  which  are  sometimes  over  a  centi- 
meter in  length,  are  provided  with  a  stout  beak  terminating 
in  a  dilated  muscular  tonguelike  organ  strongly  armed  with 

21  Identified  by  Wm.  M.  Wheeler. 
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longer  and  shorter  bristles.  The  voracious  dipter,  posting 
itself  at  some  fruitful  spot  near  the  passing  fugitives,  suddenly 
lunges  forward  and  snatches  up  in  its  beak  one  of  the  young 
termites,  white  and  tender,  carries  it  nearby,  where  it  is  not 
likely  to  be  disturbed,  and  in  a  very  short  time  sucks  out  its 
juices.  Its  appetite  seems  insatiable;  no  sooner  is  one  victim 
disposed  of  than  another  is  sought;  Bengalia,  indeed,  does  not 
hesitate  to  snatch  a  young  Hospitalitermes  out  of  the  jaws 
of  its  carrier;  the  latter  not  infrequently  refuses  to  let  go  its 
burden  immediately  and  so  both  are  borne  off,  the  carrier  soon 
releasing  its  hold,  however.  Close  at  hand,  among  the  dry 
leaves,  a  nest  of  an  ant  (Anoplolepis  longipes)  was  disturbed 
and,  much  concerned,  the  workers  grabbed  their  cocoons  to 
transport  them  elsewhere.  Here  Bengalia  was  also  on  the  watch ; 
it  would  quickly  seize  a  cocoon  and,  usually  holding  it  in  the 
forepaws,  pass  its  length  up  and  down  along  the  end  of  its 
beak  and  suck  it  until  well  shriveled,  then  drop  it  and  be  on  the 
lookout  for  another  morsel.  Twice  there  was  a  tug  of  war 
between  fly  and  ant  for  the  possession  of  a  cocoon,  the  carrier 
refusing  to  part  with  the  enshrouded  babe,  the  fly,  perhaps  un- 
conscious of  the  third  party,  thoroughly  enjoying  the  tidbit. 

When  a  flight  of  termites,  or  white  ants,  is  on,  and  scores 
are  attracted  to  light,  Bengalia  often  appears  in  considerable 
numbers,  making  a  fairly  audible  hum.  None  was  seen  attack- 
ing the  termites,  although  this  does  happen,  as  recorded  by  E. 
E.  Green,  in  Ceylon  22  and  by  others.  In  Africa,  Bengalia  robs 
Dorylus,  the  fierce  driver  ants,  of  their  pupae  when  on  the  march ; 
other  species  of  ants  are  also  deprived  of  their  young  or  of  their 
food.23  In  a  similar  manner  the  related  Ochrimyia  24  of  India 
robs  various  ants,  such  as  Lobopelta,  etc. 

In  the  Maquiling  forest  the  somber  Bengalia  is  often  seen 
sitting  on  a  slight  prominence  and  shifting  beside  a  column  of 
ants  and  robbing  them  of  their  food  or  their  young.  In  the 
case  of  Phidologiton,  for  example,  when  carrying  termites  this 
is    rather    easily    accomplished,    but    with    the    doryline    ants 

22  Trans.  Ent.  Soc.  London  (1908)  XXVI  and  XXVII. 

^Lamborn,  W.  A.,  and  others,  Trans.  Ent.  Soc.  London  (1913) 
CXXIII-CXXIX. 

24  Ochromyia  appears  to  be  a  synonym  of  Bengalia.  In  Africa  the  larva 
of  Bengalia  burrows  under  the  skin  of  certain  mammals,  including  man, 
and  pupates  in  the  ground  (see  Fox  in  Insects  and  Diseases  of  Man, 
Blakiston's  Son  and  Co.,  Philadelphia). 


35,1  Williams:  Natural  History  of  a  Nipa  House  71 

(Aenictus)  that  carry  their  burdens  beneath  them  and  between 
their  legs  considerable  difficulty  may  be  encountered,  as  the 
burly  fly  is  forced  to  make  the  attack  from  the  side  with  many 
failures  resulting. 

While  Hospitalitermes  does  considerable  excavating  to  accom- 
modate its  nest,  the  work  is  not  done  with  the  precision  or  the 
rapidity  of  true  ants ;  the  particles  brought  up  may  be  very  small 
and  apparently  in  part  disgorged  from  the  mouth,  or  they  may 
be  as  bulky  as  the  worker  itself.  In  this  way  a  low  mound,  a 
labyrinth  of  burrows,  may  be  formed  about  the  entrance.  A 
small,  moderately  elongate,  deep  purplish  brown  spider  with 
paler  legs,  in  appearance  not  greatly  unlike  Hospitalitermes, 
utilizes  the  earthlike  material  in  the  mounds  in  building  a  short 
tube  in  the  edge  of  the  mound  roofing  and  in  which  it  lives; 
but  the  spider  does  not  appear  to  associate  itself  entirely  with 
the  work  of  this  species  of  termite.  What  seems  to  be  Hospital- 
itermes  also  makes  covered  ways  along  the  trunks  of  trees. 

The  habits  of  termites  of  the  genus  Eutermes,  of  which  Hos- 
pitalitermes is  sometimes  considered  a  subgenus,  have  been 
studied  by  Bugnion  in  Ceylon.25  His  figures  of  Eutermes  mono- 
ceros  show  that  it  is  closely  related  to  Hospitalitermes  saraiensis 
and  is  referred  to  as  the  Ceylonese  "black  termite."  This  spe- 
cies has  much  the  same  habits  as  the  Philippine  Hospitalitermes, 
although  the  Eutermes  was  noted  gathering  lichens  in  its  forages. 
In  repairing  a  breach  in  their  tunnels,  the  Ceylonese  insects  were 
found  to  use  a  bit  of  soil  moistened  with  anal  fluid  (p.  183). 
In  a  photograph  (Bugnion's  Plate  7,  fig.  1)  the  line  of  march 
of  Eutermes  monoceros  plainly  shows  the  marginal,  outpointing 
soldiers. 

There  are  other,  more  or  less  diurnal  Termitidse.  A  rather 
dark  Philippine  species,  though  lighter  in  color  than  our  Hospi- 
talitermes, travels  like  it  in  the  Maquiling  forest.  On  the  trunk 
of  a  tree  in  the  British  Guianan  "bush,"  I  have  seen  blackish 
termites  proceeding  during  the  afternoon  in  the  same  style  as 
does  the  Philippine  "day  forager ;"  that  is,  as  a  stream,  several 
individuals  in  width,  and  flanked  by  long-nosed  soldiers. 

Some  of  the  neotropical  termites  of  the  genus  Syntermes  are 
day  foragers ;  Bequaert 26  writes  as  follows  on  this  habit : 

Syntermes  grandis  (Rambur)  and  Syntermes  brasiliensis  Holmgren. 
Both  these  large  species  of  termites  were  observed  at  Vista  Alegre,  on  the 

25  Bull.  Mus.  D'Hist.  Nat.  20   (1914). 
26Ent.  News  36    (1925)  294. 
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Rio  Branco,  September  6th.  They  were  foraging  in  broad  daylight  and 
sunny  weather,  between  9  and  10  A.  M.  The  soldiers  and  workers  had 
spread  over  the  soil,  but  not  in  very  large  numbers,  and  were  busily  engaged 
in  collecting  stalks  and  leaves  of  grasses  and  other  low  plants.  The  two 
species,  of  which  S.  grandis  is  much  larger,  were  working  but  a  short 
distance  apart,  although  on  quite  distinct  areas.  In  each  case  the  termites 
carried  their  burdens  into  a  number  of  large  openings  leading  into  deep 
vertical  channels  in  the  sandy  soil.     The  nest  itself  could  not  be  reached. 

Hodotermes  havilandi  lives  in  South  Africa.  It  is  a  grass- 
cutting  termite  whose  soldiers  and  workers  possess  facetted  eyes 
and  forage  during  the  heat  of  the  day.  Eather  large  bits  of 
grass  are  cut  off.  Haviland,  who  made  these  observations,27 
says  further  that  around  each  nest  hole  "is  a  patch  over  which 
the  grass  has  been  cut  quite  short."  Thus  are  these  termites 
somewhat  comparable  to  those  agricultural  ants  (Formicidse), 
such  as  Pogonomyrmex  occidentalis  of  the  Great  Plains  of  the 
United  States,  that  clear  away  all  vegetation  for  a  considerable 
radius  around  their  nest  aperture. 

TKICHOPTERA 

CADDIS  FLIES 

Caddis  flies  (Plate  3,  fig.  1)  are  four-winged,  mothlike  insects 
with  very  long  antennae  and  the  wings  clothed  with  hairs.  The 
early  stages  are  passed  in  the  water  over  the  surface  of  which 
the  adults  are  often  seen  in  swift  erratic  flight.  They  are  com- 
monly attracted  to  lights  and,  indeed,  being  very  early-evening 
flyers,  may  appear  in  an  open  room  before  any  lights  are  on. 
Only  one  or  two  species  were  noticed  frequenting  houses  on 
Mount  Maquiling;  a  gray-brown  kind  was  rather  conspicuous, 
flying  near  and  under  the  eaves  of  nipa  shingling,  two  or  more 
sometimes  sporting  together.  I  believe  they  roost  here  during 
the  day  and  form  part  of  the  food  for  the  tetragnathous  spiders, 
whose  webs  often  adorn  the  tips  of  the  marginal  palm  shingles. 
The  species  collected  by  me,  about  houses  on  Mount  Maquiling, 
and  identified  by  Nathan  Banks,  are  Dipseudopsis  bakeri  Banks, 
Oecetinella  confluens  Ulmer,  Oecetinella  apicipennis  Banks,  and 
Notanatolica  gibolensis  McLach. 

27  Teste  Sharp,  Camb.  Nat.  Hist.  5   (1895)   384,  385. 
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NEUROPTERA 

MYRMELEONIDJE 

ANT  LIONS 

MYRMELEON   CELEBESENSIS   McLachlan.2*     Plate   7,   &g.   1. 

The  fine,  dry,  loose  soil  beneath  the  stilted  Philippine  houses 
is  frequently  pitted  with  little  funnellike  depressions,  an  inch 
or  more  in  diameter,  which  harbor  the  squat,  sickle-jawed  larvae 
of  the  ant  lion.  These  patient  creatures  pass  a  great  part  of 
their  existence  at  the  bottom  of  the  funnel  with  loose  sliding 
sides,  waiting  for  some  insect,  most  frequently  perhaps  an  ant, 
to  tumble  down  into  their  jaws  and  be  devoured.  When  full- 
fed  the  larva  spins  a  roundish  silk-and-soil  cocoon,  from  which 
hatches,  in  due  time,  a  delicate,  long-winged,  and  long-bodied 
insect,  somewhat  resembling  a  dragon-fly,  but  of  weaker  flight 
and  of  nocturnal  habit.  While  the  large  numbers  of  pitfalls 
indicate  that  Myrmeleon  celebesensis  is  common,  the  adults  are 
not  very  often  seen,  though  occasionally  attracted  to  light  or 
found  resting  indoors. 

Myrmeleon  angustipennis  Banks  is  also  reported  from  Mount 
Maquiling  and  vicinity,29  and  probably  likewise  digs  into  and 
under  the  shelter  of  houses,  etc. 

CORRODEISTIA 

PSOCIDiE 

BOOK    LICE 

This  large  family  of  usually  minute,  winged  or  wingless  insects 
has  been  much  neglected  by  entomologists.  A  few  hundred 
species  have  been  described;  probably  several  thousand  exist. 
They  are  familiar  to  most  of  us  as  very  small,  soft-bodied  insects, 
that  occur  about  old  books,  in  dusty  places,  etc.;  most  kinds, 
however,  live  out  of  doors,  where  they  are  found  on  trunks, 
branches,  and  leaves  of  trees,  on  palings,  etc.  They  feed  upon 
the  paste  of  book  bindings,  dead  organic  materials,  lichens,  fungi, 
etc.,  and  sometimes  figure  as  museum  pests  in  entomological 

28  Identified  by  Nathan  Banks. 

29  Banks,  N.,  Philip.  Journ.  Sci.  §  D  11    (1916). 
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collections.  They  develop  much  as  do  cockroaches  and  termites, 
their  form  changing  but  little  in  the  successive  moults.  The 
psocids  are  often  beautifully  marked  and  strangely  formed. 
The  largest  species  appears  to  be  a  South  American  one,  which 
has  a  wing  expanse  of  about  2.5  centimeters.  Many  kinds  live 
gregariously,  upon  the  trunks  of  trees,  on  posts,  etc.,  and  such 
colonies  are  frequently  covered  by  a  thin,  more  or  less  protective 
web,  that  is  spun  from  glands  opening  into  the  mouth.  There 
are  several  kinds  of  Psocidae  that  may  be  domiciliary  in  the 
Philippines;  one  species,  found  on  a  porch  post,  served  as  food 
for  Rhopalum  domesticum,  a  tiny  black  wasp.  Myopsocus 
enderleini  Banks  30  is  a  rather  large,  dull  brown,  winged  form 
that  lives  in  outhouses,  etc.,  at  Los  Banos.  Atropos  divinatoria 
(Miiller)  is  the  common  wingless  psocid  found  indoors  in  many 
parts  of  the  world.  It  is  frequent  in  ill-kept  entomological 
collections.  Timberlake  has  found  a  tiny  myrmarid  wasp  para- 
sitic in  its  eggs.31  Twelve  genera  and  fiteen  species  have  been 
described  by  Banks  from  the  Philippines.32 

LEPIDOPTERA 

BUTTERFLIES  THAT  PATRONIZE  THE  NIPA  HOUSE 

Any  rural  dwelling,  the  garden  of  which  boasts  a  few  bana- 
na plants,  palms,  and  bamboos,  is  likely  to  have  certain  butterfly 
visitors,  chiefly  dusk-flying  species  that  pass  their  early  life  upon 
these  plants  and  are  drawn  to  man's  abode  by  the  occasional 
shelter  and  on  account  of  the  lanes  of  flight  it  affords.  I  believe 
that  the  houses  perched  upon  the  lower  slopes  of  Mount  Maqui- 
ling  are  particularly  favored  by  insects  of  this  type,  because 
the  greater  variety  of  vegetation  there  means  more  food  plants 
and  more  species. 

Such  incomplete  data  as  I  possess  on  these  butterflies  make 
their  treatment  here  a  matter  of  but  a  few  lines. 

NYMPHALID^E 

MORPHINE 

AMATHUSIA    PHIDIPPUS    Linnaeus.     The    "coconut    nymphalid."     Plate    2,    fig.    1,    pupa; 
Plate  3,  fig:.  3,  adult. 

At  the  approach  of  sunset,  a  somber  brown  butterfly,  expand- 
ing about  10  centimeters  and  with  the  hind  wings  produced  into 

30  Identified  by  Nathan  Banks. 

31  See  Proc.  Haw.  Ent.  Soc.  5   (1924)  447. 
82 Philip.  Journ.  Sci.  §  D  11    (1916). 
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a  short  tail,  may  frequently  be  observed  flitting  about  nipa 
houses  in  a  graceful  bounding  flight,  taking  this  constitutional 
with  some  degree  of  regularity,  now  circling  as  far  as  the  back 
porch  and  now  fetching  up  among  the  palms  and  bananas  to  the 
rear.  Occasionally,  Amathusia  will  enter  through  a  doorway 
or  a  window,  or  it  may  suddenly  abandon  its  course  to  pursue 
some  intruder  of  its  own  kind.  Such  antics  may  be  sustained 
until  dusk  is  well  advanced,  though  I  do  not  think  this  butterfly 
is  relatively  active  much  after  nightfall.  Seldom  was  it  seen 
flying  about  lights.  Shortly  before  sunrise  it  flits  about  for  a 
while,  but  passes  the  day  on  some  shaded  arboreal  perch;  not 
infrequently,  however,  one  would  be  disturbed  beneath  the  old 
forestry-station  building,  where  it  had  been  resting  under  the 
split-bamboo  flooring,  or  on  a  beam,  or  arigue.  More  rarely 
is  the  butterfly  found  within  a  house  during  the  day,  although  it 
occasionally  rests  there  in  the  night;  then  Amathusia,  head 
downward,  with  the  wings  over  the  back,  may  be  very  closely 
approached  and  even  captured  with  the  fingers. 

Rather  late  on  dull  afternoons,  one  of  these  insects  may  be 
observed  carefully  laying  her  eggs  on  the  underside  of  a  banana 
leaf,  on  a  coco-palm  leaf,  or  on  a  royal-palm  (Oreodoxa  regia) 
leaf,  the  food  plants  of  its  larva ;  the  latter  like  its  parent  shuns 
daylight,  lying  concealed  on  a  bed  of  silk,  spun  at  the  base  of  a 
leaf,  or  other  secure  and  nearby  place,  whence  it  sallies  forth  at 
nightfall  following  and  augmenting  its  silken  trail  to  the  feeding 
grounds.  Though  finally  of  large  size,  the  Amathusia  cater- 
pillar is  a  very  quiet  creature,  not  to  be  discerned  at  once,  as  it 
rests  well  appressed  upon  a  green  coco-palm  leaflet.  It  attains  a 
length  of  between  7.5  and  10  centimeters,  the  head  is  adorned 
with  a  pair  of  fine,  spiked,  tuberclelike  processes,  while  at  the 
end  of  the  body  are  two  simple  processes.  The  body  is  green 
and  greenish  striped,  the  head  brown  and  green,  and  the  legs 
largely  brownish.  It  is  rather  thinly  clad  with  longer  and 
shorter  hair.  When  full-fed  the  caterpillar  first  wanders  about 
for  a  while,  but  finally  suspends  itself  by  the  tail  from  a  palm- 
leaf  petiole,  or  beneath  a  raised  house  floor,  and  sheds  its  skin 
to  form  a  stout  chrysalis  (Plate  2,  fig.  1)  about  5  centimeters 
long  and  with  a  bifurcate  headpiece;  in  due  time  the  large 
brown  butterfly,  that  will  again  flit  in  the  gathering  shadows,  is 
disclosed.  There  seems  to  be  a  continuous  round  of  broods 
of  Amathusia. 
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HESPERID^E 

"SKIPPERS" 
ERIONOTA  THRAX  Linnaeus.     The  "banana  leafroller."     Plate  3,  figs.  4,   7,  and   8. 

This  is  a  large  brownish  butterfly  with  several  windowlike 
spots  on  the  forewings  and  which  expands  to  about  7.5  centi- 
meters. Like  others  of  the  family  it  is  noted  for  its  swift  flight. 
It  is  one  of  the  several  species  of  Philippine  skippers  that  are 
chiefly  twilight  fliers.  It  has  a  rather  wide  oriental  distribution 
and  is  sometimes  numerous  enough  to  damage  the  banana  plants 
considerably.     J.  C.  Kershaw,33  in  speaking  of  the  adult  says: 

The  largest  Hesperid  here,  and  a  very  common  insect  wherever  there 
are  banana  plants,  but  it  seldom  flies  much  during  the  day  and  thus 
escapes  notice.  It  becomes  very  active  about  dusk,  flying  at  great  speed 
about  the  tops  of  bananas  and  other  foliage.  Occasionally  it  rests  from 
its  wild  gyrations  on  the  tip  of  a  leaf,  when  a  mate  will  often  suddenly 
appear  and  both  will  dart  off;  together.  I  have  captured  this  insect  at 
flowers  as  late  as  9.00  P.  M.,  and  it  probably  flies  much  later  if  the  night 
is  propitious. 

I  have  not  found  these  butterflies  to  be  frequent  house  visitors ; 
occasionally  they  will  rest  or  sport  about  beneath  a  highly  raised 
house.  The  eggs  are  hemispherical  and  well  ribbed  from  the 
apex  and  are  not  quite  2  millimeters  in  diameter.  The  little 
caterpillars  cut  obliquely  inward  from  the  edge  of  the  banana 
leaf  and  form  a  tube  by  fastening  this  rolled  strip  with  silk;  a 
large  larva  makes  a  large  roll  as  illustrated.  Here  it  also  pu- 
pates. A  full-fed  larva  is  fusiform-cylindrical  with  a  large  head 
set  on  a  small  neck,  as  is  usual  among  the  Hesperidse,  and  is 
covered  with  a  whitish  flocculent  substance.  The  pupa  is  often 
parasitized  by  chalcid  wasps  (see  Plate  3,  fig.  4). 

There  are  several  other  large  skipper  butterflies  that  disport 
themselves  about  the  house,  flying  into  the  rooms  and  alighting 
upon  the  walls  or  floors;  one  of  these  is  the  coconut  skipper 
(Padraona  chrysogona  Plotz.),  whose  larva  also  feeds  on  the 
betel-nut  palm  (Areca  catechu  Linnaeus) , 34  while  another  is  a 
very  stout  species  whose  larva  of  bizarre  coloration  eats  the 
leaves  of  Schefflera  and  of  Polyscias  nodosa  (Araliacese) . 

88  Butterflies  of  Hongkong  (1907)   127. 

84  See  Woodworth,  Philip.  Agr.  10   (August,  1921). 
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DIPTERA 

FLIES 

Apart  from  the  common  oriental  housefly  (Musca  vidua  Mac- 
quart)  and  the  far  more  unpleasant  and  dangerous  green-bottle 
flies,  are  a  number  of  Culicidse,  or  mosquitoes,  and  certain  others, 
chiefly  parasitic  on  the  prey  of  household  wasps,  or  on  the  im- 
mature wasps  themselves. 

In  unscreened  houses  many  species  of  mosquitoes  may  gain 
entrance,  among  which  are  Mansonia  brevicellulus  Theobald, 
Anopheles  philippinensis  Ludlow,  and  Aedes  (Stegomyia)  varie- 
gatus  Bigelow.  Megarhinus  amboinensis  Dol.  is  a  very  large 
mosquito  with  the  abdomen  of  an  iridescent  blue-purple  luster 
and  adorned  at  the  tip  with  widening  tufts  of  hair.  Despite  its 
large  size,  long  beak,  and  shrill  note,  it  seems  never  to  attack 
man  and  is  probably  only  a  feeder  on  plant  juices  or  secretions. 
The  larva  of  Megarhinus  is  carnivorous  and,  as  it  devours  the 
young  of  other  mosquitoes,  is  thereby  beneficial. 

Pachyophthalmus  signatus  Mg.  of  the  parasitic  family 
Tachinidae  was  reared  from  the  cell  of  Rhynchium  atrum,  a 
eumenid  wasp  that  very  commonly  nests  in  houses  and  stores 
moth  caterpillars,  and  from  which  most  probably  the  flies  had 
issued. 

Several  species  of  bee  flies  (Bombyliidse)  are  to  be  found  in 
and  about  the  more-open  houses  and  are  parasitic,  in  such  cases, 
on  the  immature  stages  of  Hymenoptera.  Anthrax  fulvula  Wd. 
(?)  is  adorned  largely  with  golden  vestiture  and  has  the  wings 
somewhat  darkened  along  the  costa  and  toward  the  base.  One 
was  reared  from  the  nest  of  the  mud  dauber  Sceliphron  deformis. 
Anthrax  sp.  has  a  blackish  body  and  the  wings  except  about  the 
outer  margin  overrun  with  brownish.  This  species  and  Exo- 
prosopa  sp.  are  also  Bombyliidae  that  are  to  be  found  about 
houses. 

SIPHOJNTAPTERA 
FLEAS 

Not  much  interest  was  taken  in  preserving  fleas,  and  Pulex 
irritans  Linnaeus  is  the  only  one  represented  in  the  collection 
of  household  insects. 
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HYMENOPTERA 

BEES,  WASPS,  AN0  ANTS 

HOUSEHOLD  WASPS 

The  wasps  associated  with  a  nipa  house  in  the  Philippines 
are  without  doubt  its  most  entertaining  fauna.  They  number 
quite  thirty  species,  not  including  those  that  live  as  parasites 
upon  them.  While  some  are  but  occasional  visitors,  others  are 
members  of  every  properly  situated  household.  Since  only  one 
or  two  of  the  species  are  of  social  habit,  thus  living  in  communi- 
ties and  defending  their  nests,  with  that  possible  exception 
nothing  is  to  be  feared  from  wasps  in  man's  abode. 

Vespa  deusta  Lepeletier,  a  very  large  paper-making  yellow- 
winged  wasp,  often  inspects  the  more-open  rural  dwellings  in  her 
search  for  the  nests  of  other  wasps  which  she  robs  for  her  own 
needs.  A  smaller,  though  still  formidable  species,  probably 
Vespa  luctuosa  Saussure,  a  useful  if  clumsy  enemy  of  obnoxious 
flies,  will  occasionally  commence  her  paper  nest  under  the  eaves 
of  some  nipa  house  where  the  environment  is  not  too  civilized; 
one  such  insect,  a  queen,  of  course,  built  several  cells  from  the 
end  of  the  stout  pedicel  and  laid  an  egg  in  each;  the  work, 
however,  progressed  slowly  and,  while  she  guarded  her  nest  by 
resting  on  the  cells  for  long  periods,  she  eventually  deserted  this 
embryonic  household. 

The  genus  Icaria  contains  over  one  hundred  kinds  of  social 
wasps,  on  the  average  of  rather  small  size ;  they  are  mainly  trop- 
ical insects  characteristic  of  the  Old  World.  The  carton  or 
paper  nests  they  construct  vary  much  with  the  species;  for  ex- 
ample, Icaria  gregaria  Saussure  of  Australia  has  a  nest  con- 
sisting of  an  unprotected  comb  of  more  or  less  oblique  cells,  hung 
at  one  end,  and  often  supported  laterally  as  well,  by  a  strong 
stem  to  a  leaf,  twig,  barbed  wire,  etc. ;  the  affair  may  vary  con- 
siderably in  shape,  and  I  have  seen  a  long  slender  one  30  centi- 
meters in  length;  Icaria  cabeti  Saussure,  another  Australian 
species,  makes  a  ball-like  nest,  a  rather  small  replica  of  the 
well-known  hornet's  (Vespa)  nest  of  the  more-northern  lati- 
tudes. In  the  Philippines  are  also  naked  combs  of  Icaria  and 
others  of  this  genus,  covered  over  with  an  arched  carton  sheet 
which,  when  on  the  trunk  of  a  tree,  may  greatly  resemble  the 
bark. 

These  insects,  in  common  with  tropical  American  Polybia, 
sometimes  give  off  swarms  which  start  a  new  household,  although 
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a  single  female  may  also  begin  such  a  nest  unaided.  The  severity 
of  the  sting  is  usually  in  proportion  to  the  size  of  the  wasp — a 
thing  not  greatly  to  be  feared,  nor  yet  much  to  be  desired.  Like 
most  stinging  wasps,  Icaria  is  very  beneficial  in  its  other  habits ; 
the  Australian  Icaria  gregaria  Saussure  often  nests  in  the  cane 
fields  where  it  destroys,  among  other  noxious  insects,  the  sugar- 
cane leaf-hopper  (Perkinsiella  saccharicida) 35  and  various  cater- 
pillars. 

Several  nests  of  Icaria  cagayanensis  Ashmead  were  found  in 
and  about  domiciles  at  Los  Baiios.  In  one  case  the  colony  was 
in  a  large  bamboo  upright;  in  another  the  nest  was  situated  in 
the  double  sawale  wall;  while  a  third  utilized  a  large  crack 
formed  by  the  imperfect  splicing  of  a  couple  of  large  porch  posts, 
the  cells  shut  in  from  view  by  a  papery  cover. 

While  the  dainty  wasps  of  the  genus  Stenogaster  (=  Ischno- 
gaster)  are  preeminently  forest  dwellers,  some  will  occasionally 
build  in  outhouses  in  a  woodsy  environment.  The  rather  com- 
mon Stenogaster  depressig  aster  Rohwer  is  one  such,  as  is  also 
a  second  species,  whose  nest  only  was  found — several  delicate 
cells  strung  in  couples  along  a  withered  vine  tip  that  had  forced 
its  way  into  the  top  of  a  small  building. 

The  most  noticeable  of  house  wasps  are  the  various  mud 
daubers,  representing  the  families  Eumenidae,  Psammocharidae, 
Sphecidae,  and  Trypoxylonidae.  The  Eumenidae  are  related  to 
the  social  wasps  and,  like  the  majority  of  these,  keep  their  wings 
folded  longitudinally  in  repose.  Most  of  them  provision  their 
nests  with  the  larvae  of  moths;  one  Philippine  species  {Odynerus 
luzonensis  Rohwer)  preys  upon  the  fat  caterpillars  of  lycaenid 
butterflies,  while  elsewhere  others  prey  upon  the  young  of  cer- 
tain beetles  (Anthonomus,  etc.)  and  the  larvae  of  sawflies  (Hyme- 
noptera).  Eumenidae  that  may  be  domiciliary  are  represented 
by  eight  or  more  species,  with  the  orange-winged  Rhynchium 
atrum  Saussure  perhaps  the  tamest  and  best  known.  Not  gifted 
with  architectural  ability,  she  simply  stores  some  suitable  cav- 
ity— as  within  bambo  furniture — with  small,  semiparalyzed 
caterpillars  and  plugs  up  the  cells  with  mud.  Ancistrocerus 
domesticus  Williams  and  Odynerus  longitegulae  Williams  are 
two  yellow-and-black  wasps  of  smaller  size  than  Rhynchium  that 

35  Polybia  occidentalis  Oliv.,  a  small,  yellow-and-black  social  wasp  in 
British  Guiana,  is  also  a  predator  upon  delphacid  leaf  hoppers,  picking 
Neomalaxa  flava  Muir  from  the  underside  of  the  blades  of  a  succulent 
grass. 
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occur  about  nipa  houses  at  Los  Bafios,  Ancistrocerus  having  been 
taken  in  the  act  of  plastering  up  a  nail  hole  in  a  box.  These 
three  wasps  probably  prey  mainly  upon  microlepidopterous 
larvae,  but  the  wasps  of  the  genus  Eumenes  are  often  found  stor- 
ing measuring  worms  (Geometridse)  in  their  juglike  cells. 
These  wasps  are  generally  recognizable  by  their  slender  petiolate 
abdomen.  At  least  two  species,  over  an  inch  long  (29  milli- 
meters), and  a  third,  smaller  one  are  known  to  patronize  Phil- 
ippine nipa  houses.  Eumenes  curvata  Saussure  is  a  fine, 
polished,  black  species,  with  iridescent  purple  wings  and  a  slender 
waist,  that  is  at  home  either  in  the  house  or  in  the  forest.  Eu- 
menes fulvipennis  Smith,  of  equal  size  but  of  duller  appearance 
and  with  pale  orange  wings,  is  perhaps  more  partial  to  some- 
what lower  levels,  although  also  a  visitor,  for  nesting  materials, 
to  the  muddy  forest  trails.  These  wasps  exercise  great  circum- 
spection in  the  choice  of  their  home  sites,  which  may  sometimes 
appear  to  us  as  being  in  ludicrous  situations.  An  egg  is  sus- 
pended in  the  neat,  jug-shaped  cell,  which  is  forthwith  stored 
with  caterpillars  (Noctuidee,  Notoduntidae) ,  but  more  especially 
Geometridse,  or  "looper"  caterpillars  stung  to  helplessness,  this 
provender  being  carefully  passed  through  the  narrow  cell  open- 
ing by  means  of  the  wasp's  jaws  and  first  pair  of  legs;  the  jug 
is  then  stoppered  with  mud,  its  short  mouth  being  also  disfigured 
and  the  whole  cell  aggregate  more  or  less  mudded  over  into 
amorphism.  Eumenes  fulvipennis  was  found  to  prey  upon  semi- 
loopers  (Plusia?)  and  on  Geometridse,  or  measuring  worms. 
Eumenes  makilmgi  sp.  nov.  is  14  or  15  millimeters  long,  black 
with  some  yellow  marks;  its  neat  little  jugs  are  often  found 
suspended  from  the  loose  end  of  a  rattan  thong  or  shredded  nipa 
shingle,  beneath  a  roof.  I  have  not  found  such  cells  massed 
together  as  in  the  other  two  species,  though  they  are  deprived  of 
some  of  their  symmetry  when  stored  (Plate  3,  fig.  6). 

Before  leaving  the  Eumenidse,  attention  must  be  called  to  the 
gum-nesting  Odynerus  (Leionotus)  xanthozonatus  Ashmead 
which,  while  not  a  mud  dauber,  is  best  treated  here.  This 
compact  little  wasp  measures  8  to  9  millimeters  long,  and  for  a 
Philippine  Odynerus  has  the  black  ground  color  strongly  predom- 
inating over  the  pale  yellow  markings.  She  flies  in  a  brisk 
manner,  and  when  nearby  with  a  fairly  audible  hum,  and  is  not 
afraid  to  explore  the  darker  places  in  a  nipa  house.  She  has  the 
rather  exceptional  habit,  among  the  Odyneri,  of  using  a  gummy 
material  with  a  little  sand  or  a  sandlike  substance  intermixed, 
instead  of  the  ordinary  clay  for  constructing  her  cells.     An  ad- 
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ditional  peculiarity  of  this  species  is  the  fact  that  frequently, 
if  not  as  a  rule,  the  female  passes  the  night,  and  also  dull  day- 
light hours,  in  one  of  her  cells.  Such  a  cell  is  rather  elongate, 
and  narrowed  and  slightly  curved  at  the  mouth  and,  being  of 
comparatively  large  size,  affords  plenty  of  space  for  the  wasp, 
her  egg  or  young  larva,  and  for  some  of  the  caterpillar  prov- 
ender. She  likes  to  build  within  houses  and  seems  to  be  on  the 
wing,  though  in  varied  numbers,  throughout  the  year.  I  found 
but  three  nests  or  cell  groups ;  secluded  spots  are  chosen,  and  a 
row  of  six  horizontal  cells  glued  on  the  underside  of  a  light  table 
and  shared  by  two  wasps  during  June  and  July,  1921,  furnished 
most  of  the  data.  Another  nest  was  built  in  an  old  mud-wasp 
cell  in  a  hole  in  a  house  post,  while  a  third  fitted  the  angle  of 
two  walls.  The  cells  are  provisioned  with  small,  paralyzed  moth 
caterpillars,  which  may  be  of  several  species,  and  are  "passed" 
into  the  cell,  the  wasp  facing  the  aperture  and  using  the  forelegs 
and  probably  also  the  mandibles  in  the  operation.  A  single  egg 
is  fastened  by  a  short  filament  to  the  wall  at  the  end  of  each 
cell,  and  the  young  grub  (Plate  3,  fig.  2)  feeds  on  the  caterpillars 
within  its  reach,  at  first  in  a  suspended  position,  but  soon  drops 
in  among  them  and  in  a  few  days  consumes  the  lot.  The  grub 
may  be  a  day  or  more  old  before  the  mother  seals  up  the  cell 
by  making  a  wet-looking,  gum-and-grain  disk.  Two  pupae  that 
I  reared  took  about  twenty  days  to  develop  into  mature  wasps. 

During  March,  1922,  one  of  these  Odynerus  was  observed  prey- 
ing upon  the  partly  grown  larva  of  a  small  moth  that  disfigures 
and  rolls  up  the  shining  young  leaves  of  Eugenia  jambolana 
(Java  plum)  on  the  grounds  of  the  College  of  Agriculture.  The 
spry  young  caterpillar,  in  attempting  to  escape  from  one  end  of 
its  rolled-leaf  retreat,  is  usually  seized  in  the  jaws  of  the  alertly 
pivoting  wasp,  and  then  is  more  or  less  paralyzed  by  stinging 
and  carried  nestward. 

This  species  is  of  interest  in  constituting  one  of  the  ever-in- 
creasing array  of  solitary  wasps  known  to  throw  some  light  on 
the  origin  of  the  social  habits  among  the  Hymenoptera.  She 
has  something  in  common  with  the  large  black  Zethus  cyanop* 
terus  of  the  Philippines,86  although  she  does  not  partly  masticate 
the  caterpillar  prey  so  that  the  tender  wasp  grub  may  more 
easily  devour  it,  nor  wait  until  this  grub  is  full-fed  before  closing 
up  her  cell.     Although  these  Odynerus  are  not  friendly  to  one 

MSee  Williams,  in  Philippine  wasp  studies,  Bull.  Haw.  Sugar  Planters' 
Assoc.  Exp.   Sta.   Ent.   Ser.   14    (1919)    157  et  seq. 
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another,  they  may  nest  side  by  side  with  their  cells  in  contact. 
This  habit  recalls  somewhat  the  compound  nest  of  the  South 
American  Zethusculus  lobulatus  Saussure,  where  each  wasp  has 
her  own  cells.37  Evidence  points  to  the  cells  of  Odynerus 
xanthozonatus  being  cleaned  of  debris  for  further  use. 
Odynerus  tropicalis  Saussure  of  Africa  is  more  advanced  than 
Odynerus  xanthozonatus,  in  that  she  tends  her  young  until  full- 
fed  and  frequently  nurses  several  young  at  one  time.38 

The  mud-daubing  psammocharid  wasps  (Pseudagenise)  that 
may  frequent  houses  are  represented  by  several  species  that  are 
often  far  more  secretive  in  their  nesting  habits  than  are  the 
Eumenidse.  The  large  black  Macromeris  violacea  Lepeletier, 
with  iridescent,  violet-black  wings,  while  occasionally  entering 
dwellings  in  search  of  the  large,  active  crab  spider  (Heteropoda 
regia  Fabricius),  is  more  a  denizen  of  trees,  in  the  hollows  of 
which  she  usually  constructs  her  shapely  oblique  cells.  Ageniella 
unifasciata  (Ashmead)  very  often  builds  her  row  of  mud  cells 
in  plain  view  on  some  wall,  whereas  a  larger  species  of  Pseuda- 
genia  plunges  mud-laden  into  a  large  and  perforated  bamboo  wall 
support,  so  that  an  inspection  of  her  nest  is  rendered  imprac- 
ticable. 

Many  kinds  of  spiders  seek  food  and  refuge  within  the  nipa 
house,  although  the  shelter  thus  afforded  is  not  in  every  case 
all  that  could  be  desired.  Psammochares  analis  (Fabricius), 
a  medium-sized  black  wasp  with  clear  wings  and  the  abdomen 
tipped  with  orange,  sometimes  invades  such  houses  in  search  of 

37  See  A.  Ducke,  Zool.  Jahrb.   Syst.  36    (1914). 

Here  also  may  be  mentioned  Montezumia  infundibuliformis  (Fabricius), 
whose  habits  were  observed  in  the  lowlands  of  British  Guiana  during  late 
1923.  It  is  a  rather  large  black  and  brown  wasp  with  transparent  wings 
that  attaches  its  mud  cells  to  the  trunks  or  limbs  of  trees  or  to  other  vegeta- 
tion. These  cells  are  comparatively  large  and  thick,  but  the  short,  curved 
neck  and  the  slightly  flaring-lipped  mouth  are  more  delicate.  The  wasp  egg 
is  about  4  millimeters  long  and  is  fastened  to  the  cell  wall  by  a  filament 
less  than  a  millimeter  in  length.  The  store  consists  of  small  moth  cat- 
erpillars, paralyzed  and  unmutilated,  and  these,  at  least  for  the  earlier 
part  of  its  life,  are  fed  periodically  to  the  wasp  grub.  The  mother  wasp 
eventually  seals  the  cell  with  mud;  hatched  cells  may  be  used  over  again, 
the  emergence  hole  being  enlarged  and  lipped  anew.  Two  females  may 
occupy  cells  side  by  side,  as  was  noted  in  a  row  of  five  contiguous  cells, 
passing  the  night  head  outward  in  the  commodious  chambers  that  also 
harbored  young  wasp  grubs  and  their  food. 

88  Bequaert,  J.,  Vespidae  of  the  Belgian  Congo,  Bull.  Am.  Mus.  Nat.  Hist. 
29    (1918)    185,  186. 
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crab  spiders,  probably  closely  related  to  Heteropoda.  One  after- 
noon in  November,  1921,  something  was  heard  to  fall  to  the 
floor  from  the  ceiling  of  my  room,  and  on  looking  down  I  beheld 
an  analis  wasp  battling  with  a  medium  large  spider  that,  finally 
managing  to  get  upon  its  own  back,  strove  to  repulse  the  gingerly 
active  hymenopteron  with  its  nimble  legs;  the  wasp,  however, 
soon  stung  it  to  paralysis,  fed  (?)  at  its  juices,  and  after  a 
few  short  flights  dragged  it  away,  presumably  to  her  nest  under 
the  house.  Psammochares  analis  is  not  a  mud  dauber,  but  ex- 
cavates funnellike  depressions  in  the  loose  soil,  storing  each  with 
a  parasitized  spider. 

Four  species  of  the  familiar  sceliphronine  (Sphecidse)  mud 
daubers  nest  within  Philippine  houses.  All  are  spider  catchers, 
storing  many  victims  in  each  cell.  Chalybion  violaceum  (Fabri- 
cius),  while  the  most  showy  in  a  garb  of  metallic  blue,  is  the 
poorest  architect  of  the  lot ;  it  is  perhaps  more  domiciliary  than 
the  others  and  in  season  abundantly  evident  on  bamboo  porch 
railings,  etc.  The  female  selects  a  convenient  nest  cavity,  such 
as  a  nail  hole,  an  old  nest  of  one  of  its  relatives,  the  hollow  of  a 
spool,  penholder,  chair-rung  socket,  etc.,  stores  it  with  spiders 
and,  laying  an  egg  on  one  of  them,  stops  up  this  cell  with  moist 
earth,  which  is  covered  over  with  a  mixture  formed  in  part  of 
the  excreta  of  some  small  animals,  in  this  case  of  lizards.  The 
cocoon  period  may  be  of  some  months'  duration.  Chalbyion 
passes  the  night  and  unfavorable  weather  on  a  carefully  selected 
object — in  one  case,  several  patronized  the  loop  of  some  brown 
string  suspended  from  a  porch ;  this  roost  was  finally  abandoned, 
probably  because  of  ants,  the  bane  of  wasps. 

Of  the  three  species  of  Sceliphron,  the  small  S.  conspicillatum 
(Costa)  (madraspatanum  of  Bull.  14)  is  the  tamest.  It  seems 
addicted  to  the  lowlands,  while  Sceliphron  deformis  (Smith) 
and  luzonensis  Rohwer  (=  interudens  of  Bull.  14)  are  often 
seen  in  the  forest.  Sceliphron  deformis  is  very  common  in  some 
houses,  where  it  ordinarily  constructs  its  barrel-shaped  cells 
within  the  bamboo  walls.  Sceliphron  luzonensis,  less  frequent 
and  of  larger  size,  is  a  more-circumspect  insect,  often  securing 
her  massive  ball-like  mud  nest  far  out  of  reach  on  some  vine, 
wire,  palm  leaf,  etc.  She  spends  considerable  time  in  exterior 
decorating,  working  upon  her  apparently  completed  nest  for 
days  and  days.39 

89  Kohl  in  his  work  on  Sceliphron,  Ann.  Naturhist.  Hofmus.  32  (1918), 
devotes  about  twenty-eight  pages  to  the  life  histories  of  these  wasps. 
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The  wasps  of  the  family  Trypoxylonidse  in  the  Philippines 
are  the  long  slender  species  of  Trypoxylon,  and  the  rather  thick- 
set Pison.  There  are  several  kinds  of  Trypoxylon  about  Los 
Banos,  and  they  are  familiar  insects,  mud  gathering  on  the  for- 
est trails  of  Mount  Maquiling.  Very  few  observations  were 
made  on  the  household  activities  of  this  genus  but  it  is  known 
that  at  least  one  small  species  sometimes  nests  in  holes  in  house 
posts.  Two  or  three  species  of  Trypoxylon  wasps,  observed 
biologically  in  the  Philippines,  simply  partition  off  preexisting 
cavities  with  mud  to  make  cells  which  they  provision  with 
spiders.  Some  of  the  American  species  are  no  better  architects 
than  these  oriental  ones,  but  there  are  others  of  the  former  that 
make  very  delicate  and  attractive  nests.  Many  of  the  Try- 
poxylonidse lend  themselves  easily  to  transportation  in  com- 
merce ;  it  is  not  surprising,  then,  that  the  little  Trypoxylon  philip- 
pinensis  Ashmead  has  reached  the  Hawaiian  Islands,  where  it 
very  commonly  nests  indoors.  So  too  with  Pison;  both  P.  argen- 
tatum  Sh.  and  iridipennis  Smith  occur  in  the  Philippines  as  well 
as  in  Hawaii,  the  former  often  constructing  little  filagreed  mud 
cells  arranged  in  a  cluster  upon  some  root,  or  lodged  consecutively 
in  some  angle  of  a  building.  A  P.  iridipennis  was  found  nesting 
in  a  hole  in  timber,  as  was  also  P.  lagunae  Ashmead,  a  shining 
and  coarsely  punctured  little  wasp.  All  hunt  spiders,  stuffing 
a  number  in  each  cell. 

There  are  other  wasps,  mainly  of  small  size,  that  frequent  nipa 
houses,  very  often  taking  advantage  of  the  cylindrical  borings 
of  post-and-bamboo  beetles  (largely  of  the  families  Bostrych- 
idae  and  Scolytidae)  for  nesting  places.  One  such  wasp  species, 
sometimes  abundant  on  a  beetle-perforated  arigue  in  a  sunny  ex- 
posure, is  the  little  black  Polemisttis  luzonensis  Rohwer,  1919 
(Pemphredonidse),  measuring  about  5.5  millimeters  long  and 
with  a  strongly  sculptured  head  and  thorax.  Numbers  of  these 
insects,  presumably  males,  may  sometimes  be  observed  flying 
up  and  down  a  post  as  if  seeking  the  opposite  sex.  Polemistus 
preys  upon  aphids,  or  plant  lice,  and  what  is  almost  certainly 
this  wasp  is  sometimes  to  be  seen  searching  the  figs  of  the  com- 
mon lowland  Ficus  nota,  for  the  active,  pale  green  to  brownish, 
little  plant  louse  that  hides  and  feeds  at  the  more  or  less  pro- 
tected bases  of  the  crowded  fruits.  The  wasp  flies  about  such 
figs,  finally  alights  upon  one  of  them  and  carefully  approaches 
her  prey,  as  if  in  full  knowledge  that  it  has  some  natural  means 
of  defense,  for  she  may  stop  and  falter  in  her  purusit,  evidently 
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repulsed  by  some  scent  or  fluid  given  out  by  the  posterior  cor- 
nicles; the  aroused  aphids,  on  their  part,  hurry  to  the  base  of 
the  fig  but  sooner  or  later  one  of  them  is  suddenly  seized  by  the 
fore  end  and  immediately  borne  off  nestward.  Here  is  a  post, 
punctured  shotlike,  with  little  beetle  borings,  some  of  which 
now  serve  as  Polemistus  nests,  for  occasionally  a  female  wasp 
perches,  aphis-laden,  at  a  hole  and,  this  being  too  narrow  to 
admit  both  wasp  and  aphid  simultaneously,  the  feebly  living 
provender  is  placed  at  the  entrance  and  apparently  pushed  with- 
in, the  wasp  following.  Sometimes,  however,  she  backs  in  to 
tuck  in  her  prey  with  the  tip  of  her  abdomen.  When  fully 
stored,  the  boring  is  sealed  flush  with  the  surface  with  a  trans- 
lucent, resinlike  substance.  This  insect  is  not  without  its  en- 
emies, the  most-conspicuous  one  being  a  large  handsome  metallic 
green  chalcid  wasp  (Ecdamua  sp.),  with  an  ovipositor  that  may 
exceed  16  millimeters  in  length  or  over  three  times  as  long  as 
the  remainder  of  the  insect ;  with  this  implement  she  pierces  the 
sealed  Polemistus  nest  to  parasitize  the  cell  contents.  Such  are 
the  bare  observations  on  this  chalcid. 

A  stout  and  alert  little  fly  (Milichiella) ,  nearly  all  blackish  in 
the  female  but  in  the  male  with  a  satiny  white  abdomen,  was 
very  often  seen  on  this  particular  porch  post;  but  its  business 
there,  further  than  that  it  often  investigated  the  little  beetle 
holes  therein,  and  before  sundown  backed  for  a  millimeter  or 
two  into  one  of  these  holes,  was  not  ascertained. 

The  family  Crabronidse  contains  a  varied  assortment  of  large- 
headed  wasps  that  in  the  main  store  their  nests  with  flies. 
Several  species  nest  or  hunt  about  nipa  houses.  Crabro  maki- 
lingi  sp.  nov.  is  a  rather  stout  insect,  about  6.5  millimeters 
long,  that  stores  small  flies  (in  the  case  observed)  in  a  deserted 
termite  tunnel  in  a  bamboo  upright  forming  a  house  support. 
The  genus  Rhopalum  is  made  up  of  small  slender  wasps  with 
pediciled  abdomen,  that  often  tunnel  pithy  brambles  or  old 
stumps.  Some  species  store  aphids  or  spiders,  and  the  Peck- 
hams  40  studied  two  species  that  provisioned  their  nests  with 
small  gnats.  This  habit  of  storing  midges — in  this  case, 
of  the  families  Mycetophilidae  and  Cecidomyidse — was  also  ob- 
served by  Nielsen  with  Rhopalum  clavipes  in  Europe.41     This 

40  Instincts  and  habits  of  the  solitary  wasps,  Bull.  Scientific  Ser.  I,  Wis. 
Geol.  &  Nat.  Hist.  Surv.  2   (1898). 

41  Videnskap.  Meddel.  fra  den  Naturh.  Foren.  1   Kyoenharm  (1900)  262. 
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insect,  however,  has  a  diversity  of  tastes,  for  Bouwman  42  found 
Crabro  (Rhopalum)  clavipes  storing  Psocus  bifasciatus  (Cor- 
rodentia)  ;  likewise,  I  noted  the  Philippine  Rhopalum  domesticum 
sp.  nov.  capturing  insects  of  the  latter  group.  For  several 
weeks  one  or  two  males  of  this  little  wasp  were  noticed  flying  up 
and  down  a  certain  portion  of  a  veranda  post,  and  at  times 
making  an  exceedingly  brief  stop  on  its  surface.  Several  of  this 
sex  were  captured  and  it  was  presumed  that  their  localized 
movements  concerned  the  female,  perhaps  to  issue  from  a  beetle 
boring  in  the  post.  On  January  12,  1922,  on  a  porch  post 
opposite  the  first,  a  large  area  was  webbed  or  sheeted  over  by 
a  colony  of  Corrodentia,  or  "book  lice,"  over  which  hovered  a 
female  Rhopalum  domesticum,  and  when  thus  on  the  wing  at- 
tempted to  snatch  up  a  victim ;  but  here  her  efforts  were  fruit- 
less, for  the  silken  web  protected  the  colony  beneath  from  such 
haphazard  aggression.  Finally,  however,  the  wasp  alighted  on 
the  web  and  succeeded  in  biting  a  hole  through  it  and  had  nearly 
pulled  out  a  victim  when,  for  fear  of  losing  her,  I  captured  her. 

The  very  small  larrid  wasps  belonging  to  the  genera  Nitela  and 
Rhinonitela  (Williams,  1927),  being  nesters  in  holes  in  wood,  can 
be  found  on  the  outermost  parts  of  buildings.  Nitela  bicornis 
Williams  and  Rhinonitela  domestica  Williams  43  were  taken  on 
veranda  posts,  and  one  or  the  other  of  these  species  was  pulling 
a  bit  of  dried  soil,  presumably  to  plug  her  nest  hole.  Nitela  sp. 
is  known  to  store  plant  lice  and  Corrodentia,  or  "book  lice." 
Among  the  larger  and  typical  Larridse  Dicranorhina  luzonensis 
Rohwer  is  an  occasional  visitor  in  rooms  and  quite  addicted  to 
running  along  the  bamboo  porch  railing,  window  sills,  etc.  She 
nests,  however,  in  the  soil,  often  beneath  a  house  on  poles,  and 
stores  her  burrow  with  little  wood  crickets.  Notogonidea  sub- 
tessellata,  less  bold  than  Dicranorhina,  occasionally  nests  in 
flower-pots  in  outhouses ;  so  also  may  a  Tachysphex  sp.,  in  such 
earth  containers  on  porches. 

Of  the  fine  big  larrid  wasp  Liris  aurata  (Fabricius),  plentiful 
in  the  Philippines,  Maxwell-Lefroy  says:44 

It  is  very  often  found  haunting  houses,  especially  store  rooms,  in  search 
of  house  crickets.  The  latter  are  notorious  domestic  pests  attacking  pro- 
visions, etc.  This  wasp,  in  frequenting  dwellings,  performs  the  part  of 
an  efficient  natural  check  on  these  domestic  pests. 

42  De  levende  Natuur.  Amsterdam  16  8   (1911)    176. 

43  Bull.  Haw.  Sugar  Planters'  Assoc.  Exp.  Sta.  Ent.  Ser.  19    (1927). 

44  Indian  Insect  Life  (1909)  202. 
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Wasps  of  the  genus  Chlorion  are  typical,  loud-buzzing  Sphe- 
gidae  that  frequently  attain  a  length  of  over  2.5  centimeters. 
They  prey  upon  orthopterous  insects,  which  they  bury  usually 
in  the  ground.  Chlorion  aurulentus  (Fabricius)  var.  ferru- 
gineus  (Lepeletier)  is  the  one  of  the  several  Philippine  species 
of  the  genus  observed  by  me  that  likes  to  hunt  and  even  to  nest 
and  roost  in  the  neighborhood  of  nipa  houses.  The  short  bur- 
rows of  these  wasps  are  to  be  found  in  the  dry  soil  sheltered  by 
the  eaves,  or  in  outhouses,  and  sometimes  a  female  loudly  in- 
spects the  nipa  ceilings  for  the  lurking  brown  grasshopper 
(Gryllacris  sp.).  These  solitary  wasps  are  not  wholly  without 
sociability,  for  they  pass  the  night  clinging,  often  in  some  num- 
bers, to  a  bunch  of  dead  leaves,  or  to  seed  pods.  A  piece  of  cord 
depending  from  the  porch  eaves  made  a  satisfactory  bed  for 
one  of  these  wasps,  her  blue  mud-daubing  relative  Chalybion 
violaceum,  and  a  large  fly.  The  record  dormitory  consisted 
of  a  coarse  ribbonlike  band  of  straw  about  2.5  centimeters  wide 
and  30  long,  hanging  near  a  shower  bath  beneath  a  nipa  house. 
One  evening  forty-two  Chlorion  aurulentus  wasps  were  counted 
roosting  on  this  strip.  Such  roosts  are  patronized  night  after 
night.  Bedtime  may  be  early  in  the  afternoon,  depending  much 
on  the  kind  of  weather. 

The  Bethylidse  are  all  small,  usually  brownish  to  black  wasps 
that  generally  prey  upon  the  larvae  of  beetles  and  of  small 
moths.  Five  genera  were  found  represented  in  houses  at  Los 
Baiios,  as  follows :  Epyris,  Desepyris,  Perisierola,  Sclerodermus, 
and  Cephalomomyia.  These  wasps  make  no  nests  and  their 
preserce  in  houses  is  to  be  explained  by  the  fact  that  their 
prey  frequently  occurs  in  similar  environment.  A  fat-bodied, 
wingless  female  of  Sclerodermus  immigrans  Bridwell,  of  insig- 
nificant size  will  rarely  find  her  way — probably  by  falling  from 
the  ceiling — upon  one's  person  and  inflict  a  sharp  little  sting. 
This  insect  almost  certainly  parasitizes  the  grub  of  one  of  the 
"bucbuc"  beetles  (Bostrychidse  or  Scolytidse)  that  may  seriously 
injure  bamboo  structures  by  their  perforations  and  which  at- 
tack other  woods  as  well.  Sclerodermus  immigrans  Bridwell,46 
described  by  him  from  the  Hawaiian  Islands  46  and  also  iden- 

45Proc.  Haw.  Ent.  Soc.  3    (1918)   484,  485. 

46  Because  of  its  close  alliance  with  certain  other  species,  Timberlake, 
Bull.  Bishop  Museum  31  (1926)  19,  is  inclined  to  regard  S.  immigrans  as 
an  endemic  Hawaiian  species. 
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tified  by  him  from  Philippine  material 47  was  found  by  Bridwell 
on  the  lowlands  of  Oahu  breeding  on  various  coleopterous  larvse, 
whereas  his  researches,  among  others,  show  that  the  endemic 
Hawaiian  Sclerodermus  attacks  chiefly  wood-boring  moth  cater- 
pillars. 

The  genus  Sclerodermus  also  occurs  in  houses  of  bamboo 
structure  in  the  Neotropics,  as  noted  in  Ecuador.  Cephalonom- 
yia  includes  very  small  wasps.  Bridwell 48  found  a  Hawaiian 
species  attacking  the  larva  of  Hypothenemus,  a  scolytid  beetle 
that  bores  twigs.  Perisierola  emigrata  Rohwer  is  a  species  in- 
habiting the  Hawaiian  Islands,  which  attacks  small  moth  larvae, 
including  those  of  the  pink  bollworm  (Pectinophora  gossypiella) . 

The  Chrysididse,  or  cuckoo  wasps,  are  very  hard-shelled  in- 
sects adorned  with  brilliant  metallic,  blue-green  or  ruby,  that 
are  parasitic  in  the  nests  of  solitary  wasps  and  bees,  being  very 
partial  to  the  cells  of  mud  daubers;  they  thus  occur  in  houses. 
They  do  not  defend  themselves  by  stinging,  but  by  curling  up 
tightly.  The  largest  Philippine  species  and  the  one  commonly 
parasitizing  the  cells  of  Rhynchium  atrum,  the  common  house- 
hold eumenid  wasp,  is  Stilbum  cyanurum  Forster. 

HOUSEHOLD    BEES 

The  bees  that  may  patronize  Philippine  houses  are  not  so 
numerous  in  species  as  are  the  household  wasps.  In  point  of  size 
the  carpenter  bees  of  the  closely  related  genera  Mesotrichia  and 
Xylocopa  are  the  largest.  Probably  more  than  one  species  tun- 
nels house  posts  or  beams,  but  the  yellow-and-black  M .  ghilianii 
(Gribodo)  at  Lake  Lanao,  Mindanao,  is  the  only  one  I  observed 
frequenting  houses. 

CTENOPLECTRA   VAGANS  Cockerell. 

Castalia  obsoleta  Chevrolat  is  a  rather  large  and  handsome, 
purplish  blue  and  red  buprestid  beetle  that  tunnels  the  wood, 
perhaps  among  other  kinds,  of  tamayuan  (Strombosia  philippi- 
nensis),  a  valuable  forest  tree  that  occurs  in  the  Mount  Maqui- 
ling  region,  where  it  is  often  employed  in  buildings  as  arigues, 
or  house  posts.  One  such  arigue,  that  was  or  had  been  thus  in- 
fested, supported  a  corner  of  the  roof  and  veranda  of  a  house 
on  the  mountain  slope.  Ctenoplectra  vagans  Cockerell,  a  thick- 
set bee  about  20  millimeters  long,  with  a  brillant  blue  abdomen, 
was  active  about  this  post,  as  it  utilized  the  deserted  galleries 

47  Op.  cit.  2:  291.  48  Op.  cit.  305-308. 
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of  the  beetle,  while  Parevaspis  abdominalis  Smith  was  more 
rarely  seen;  the  latter  is  a  less  swift,  nude-looking  bee  with 
a  red  abdomen,  an  undoubted  parasite  of  Ctenoplectra.  The 
late  Dean  C.  F.  Baker  very  kindly  gave  me  one  of  his  Strom- 
bosia  arigues  so  that  the  timber  could  be  split  and  sawed,  and 
the  interesting  complex  more  thoroughly  examined.  The  larva 
of  the  buprestid,  like  most  of  its  kind,  tunnels  the  wood  chiefly 
along  the  grain  and,  having  a  much-flattened  and  widened 
thorax,  makes  a  boring,  oblong  in  cross  section.  It  is  a  very 
slow-moving  insect  and  obviously  must  feed  for  a  long  time 
in  such  a  dry  and  innutritious  medium  before  it  can  obtain 
sufficient  food  to  complete  its  transformations.  That  part  of 
the  tunnel  which  turns  off  toward  the  exterior  of  the  post  and 
opens  through  it  is  in  section  subcylindrical,  or  a  spherical 
triangle,  for  it  represents  the  pupal  chamber  and  the  path  of 
the  differently  shaped  adult  beetle  in  boring  its  way  to  freedom. 
It  is  this  part  in  the  main  that  affords  good  nesting  places  for 
bees  and  wasps ;  the  bore  fits  Ctenoplectra  and  its  parasite  very 
well.  These  two  bees  are  much  alike  in  size  and  general  shape, 
but  even  a  cursory  examination  shows  them  to  be  very  different 
in  structure.  Ctenoplectra  somewhat  recalls  in  color  and  size 
the  familiar  Osmia,  spring  bees  of  many  temperate  regions, 
and  is  highly  modified  in  vestiture  and  legs  for  its  special 
work ;  the  other,  with  the  red  abdomen  typical  of  many  parasitic 
bees,  is  very  sparsely  hairy  and  has  ordinary-looking  legs  quite 
unfitted  for  gathering  pollen  or  nest  materials. 

During  March,  well  along  in  the  dry  season,  Ctenoplectra 
apr^ars  about  certain  house  posts,  zigzagging  rapidly  and  with 
a  high  audible  buzz  while  hurriedly  searching  for  vacated 
borings.  She  alights  before  a  tunnel,  pokes  in  her  head,  with- 
draws it,  and  takes  wing.  A  suitable  hole  is  at  last  found,  and 
presumably  is  cleared  of  any  debris  and,  if  necessary,  made  more 
cylindrical,  not  by  additional  boring  in  wood,  but  by  filling  in 
with  or  drilling  through  sawdust,  the  work  of  a  beetle  larva. 
In  due  time  this  tunnel  is  divided,  as  stored,  into  a  few  cells, 
the  walls  of  which  are  commonly  lined  with  a  dark  waxlike 
material.  Each  cell  is  supplied  with  well-packed,  orange- 
colored  pollen,  which  I  suspect  is  gathered  from  the  plentiful 
Hibiscus  flowers  nearby,  an  egg  deposited  on  or  near  the  prov- 
ender, and  the  chamber  stoppered  with  a  plug  of  sawdust  or 
earth,  impregnated  with  the  waxy  or  gumlike  substance.  In 
due  time  the  egg  hatches  into  a  little  larva  which  rapidly  matures 
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on  the  pollen,  spins  a  rather  thin,  brownish,  tissuelike  cocoon, 
and  changes  into  a  pupa  in  a  few  days ;  or  the  larva  may  enter 
upon  a  resting  stage  lasting  several  months,  embracing  winter 
and  a  part  of  the  dry  season.  Then  the  larva  loses  its  activity, 
becomes  rather  flaccid  and  yellow,  and  assumes  a  curled  position, 
as  do  many  other  hymenopterous  larvse  under  similar  conditions. 
With  the  coming  of  the  warm  season,  bringing  with  it  more 
available  moisture,  it  changes  into  a  pupa,  in  shape  much  like 
a  mummified  bee,  with  sawlike  ridges  between  the  segments 
on  the  back  of  the  abdomen.  The  pupal  stage  is  always  short, 
and  soon  the  perfect  bee  gnaws  its  way  out  to  freedom.  Cteno- 
plectra  is  nervously  active  and  works  rapidly.  The  deep  orange 
pollen  is  pasted  on  to  the  outer  surface  of  the  broad  hind  tibia 
and  first  hind  tarsal  joint,  both  densely  bristling  with  long, 
mixed  simple  and  plumose  hairs.  It  is  this  same  apparatus 
that  also  carries  grains  of  soil ;  the  broad  shearlike  spur  with  its 
close-set  comb  teeth,  and  springing  from  the  inner  side  of  the 
hind  tibiae,  no  doubt  helps  detach  a  load  and  clean  the  outer 
tibial  surface.  A  pollen-laden  bee  on  arriving  at  her  tunnel  peeks 
into  it,  backs  out,  turns  around,  and  then  enters  tail  first. 

The  closing  of  the  cell  is  an  interesting  operation.  Cteno- 
plectra  alights  on  the  dry  powdery  soil,  gathers  some  of  it  with 
the  inner  surface  of  the  middle  pair  of  legs — an  examination 
of  which  indicates  that  it  is  the  broadened,  first  tarsal  joint, 
fittingly  provided  with  well-arranged  hairs,  that  performs  this 
task — and  transfers  the  load  to  the  hind  legs,  now  raised  off 
the  ground.  She  finally  accumulates  a  noticeable  load,  carries 
it  nestward,  backs  into  the  tunnel,  and  employs  the  hind  legs 
as  well  as  the  abdomen  in  sealing  the  cell.  If  the  cell  be  close 
to  the  surface,  she  can  be  seen  tamping  with  the  end  of  her 
body  (which  is  provided  beneath  near  the  tip  with  divided 
rows  of  fine,  soft,  apparently  glandular  hair)  and  gradually 
meanwhile  turning  around  so  as  to  treat  all  the  space.  Perhaps 
the  sticky  material  is  carried  on  her  hind  legs,  as  their  condition 
sometimes  suggests,  for  they  are  rubbed  against  the  walls  of 
the  cell  which  are  finally  wax  ( ? )  lined ;  the  soft  silky  abdominal 
hairs  may  possibly  also  play  a  part  here  and  secrete  a  sealing  ma- 
terial.    When  the  cap  cover  is  in  place  it  is  noticeably  moist. 

A  dispute  over  a  tunnel  may  involve  a  tussle  between  two 
bees.  A  pollen-laden  Ctenoplectra  was  seen  to  penetrate,  head 
first  and  for  half  her  length,  a  tunnel  in  which  another  of  her 
species  was  lodged  head  outward ;  a  brief  tete-a-tete  took  place, 
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the  outer  bee  first  pulling  back  slowly  and  then  with  a  jerk 
until  her  rival  was  completely  hauled  out;  they  held  each  other's 
mandibles  and  let  go  only  when  on  the  wing;  the  ousted  bee 
immediately  reentered  the  tunnel,  the  other  one  flying  off. 

The  parasitic  bee  Parevaspis  abdominalis  inspects  the  arigue 
holes,  occasionally  entering  one;  apart  from  this,  nothing  was 
learned  of  its  habits.  Bingham  49  says :  "Parevaspis  is  parasitic 
on  the  leaf  cutter  bees  (Megachile) .  I  have  seen  P.  abdominalis 
entering  the  nest  of  M.  disjuncta." 

Another  parasitic  bee  that  sometimes  patronizes  house  poste 
is  a  fat  little  black-and-yellow  Stelis  sp.,  which  genus  elsewhere 
is  known  to  parasitize  the  nests  of  bees  of  the  genera  Osmia  and 
Dianthidium. 

A  short-tongued,  mainly  black  bee,  Prosopis  luzonica  Cocke- 
rell,50  is  an  occasional  visitor  to  the  veranda  and  may  nest  in  holes 
in  posts,  and  the  little  Heriades  sauteri  philippinensis  Friese  50 
is  also  a  patron  of  nipa  dwellings. 

One  or  more  leaf -cutter  bees  (Megachile)  are  to  be  expected  in 
houses,  using  a  suitable  crevice  in  which  to  make  their  leaf -bit 
cells ;  in  fact,  one  was  discovered  nesting  in  a  rattan  and  bamboo 
chair  in  a  room. 

The  social  bees  of  the  Philippines  are  represented  by  the 
genera  Apis,  Bombus,  and  Trigona.  Apis  indica  merges  into 
A.  mellifera  Linnaeus,  the  common  honey  bee  that  is  kept  for 
its  honey  and  wax  and  is  rather  widespread  in  the  Islands. 
Apis  (Megapis)  binghami  Cockerell  and  dorsata  Fabricius  are 
two  much  larger  and  "undomesticated"  species.  In  India  Apis 
dorsata  is  said  to  build  its  comb  in  and  on  various  portions 
of  buildings,  such  as  in  double  walls,  under  wooden  staircases, 
on  marble  arches,  etc.,  and,  being  of  a  fierce  and  pertinaceous 
disposition,   often   renders  these  buildings  untenantable. 

Apis  florea  Fabricius  is  a  rather  small  species  that  extends 
into  the  Malayan  region  at  least  as  far  as  Java.  Bingham 
(1897,  p.  557)  reports  seeing  a  nest  of  this  species  "under  the 
eaves  of  the  roof  of  a  forest  bungalow." 

Bumble  bees  (Bombus)  dwell  in  the  cool  mountains. 

Trigona  biroi  Friese  belongs  to  a  group  of  social  bees  usually 
of  small  size  (hence  the  term  "mosquito  bees,"  sometimes 
applied  to  minute  species),  far  better  represented  in  tropical 

49  Fauna  Brit.  Ind.,  Hymenoptera   1    (1897)   499. 
60  Identified  by  T.  D.  A.  Cockerell. 
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America  than  in  the  Orient;  three  species  have  been  recorded 
from  the  Philippines.51  While  incapable  of  stinging,  some 
kinds  can  make  themselves  very  disagreeable  by  getting  into 
one's  hair,  particularly  when  their  hind  legs  are  laden  with  a 
gummy  substance.  The  Philippine  species  in  question  is  a  small 
black  one,  4  or  5  millimeters  in  length,  that  is  widely  distributed 
in  the  Islands  and  builds  its  nest  in  a  variety  of  situations. 
In  Dumaguete,  Negros  Island,  I  have  seen  a  nest  in  the  joint 
of  a  large  bamboo,  and  it  probably  builds  on  occasion  in  favor- 
able places  in  buildings.  The  meliponine  bees,  including  the 
genus  Trigona,  may  produce  considerable  honey.  Their  food 
habits,  however,  are  not  always  cleanly. 

HOUSEHOLD  ANTS 

As  far  as  numbers  are  concerned,  ants  are  an  exceedingly 
successful  group  of  insects,  a  fact  particularly  true  in  tropical 
regions.  Some  species  exist  only  in  a  special  environment,  but 
others  are  adapted  to  a  wide  range  of  conditions  and  are  thus 
found  in  houses,  on  shipboard,  etc.  The  more-specialized  forms 
and  those  incapable  of  a  strong  defense  cannot,  as  do  a  number 
of  other  endemic  insects,  withstand  encroachment  by  cosmo- 
politan species  that  invade  their  habitat.  It  would  be  quite  out 
of  place  here  to  give  even  a  brief  account  of  the  salient  features 
of  the  life  of  ants,  their  variety,  classification,  etc.  Only  a 
few  species  that  may  live  in  or  occasionally  invade  Philippine 
houses  will  be  dealt  with.  Needless  to  say,  ants  are  a  great 
pest  to  man  in  the  Tropics,  and  in  the  houses  it  is  a  matter 
of  constant  vigilance  to  keep  them  away  from  foodstuffs  and 
other  desiderata,  and  in  some  places  it  is  distinctly  uncomfortable 
to  scale  a  tree  without  first  taking  its  ant  fauna  into  account. 

The  subfamily  Dorylinse  includes  the  famous  legionary,  driver, 
and  visiting  ants  that  are  particularly  conspicuous  in  Africa,  and 
South  and  Central  America,  some  of  the  species  of  which  often 
invade  houses  and  rid  them  of  vermin.  They  are  therefore 
beneficial  in  their  predatory  habits,  though  their  bites  and  stings 
are  frequently  severe.  The  females  are  large,  sluggish,  and  very 
rarely  found ;  the  workers  are  active,  blind,  and  of  several  sizes, 
the  largest  with  immense  mandibles ;  the  males  are  winged,  com- 
paratively large  and  wasplike,  with  the  eyes  highly  developed. 
The  Philippine  species  observed  sometimes  paying  the  nipa  house 
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a  brief  visit  belong  to  the  genus  Aenictus,  rather  small,  wiry, 
blackish  ants  apparently  with  no  major  workers  which,  though 
blind,  race  along  in  very  narrow  and  orderly  columns  in  search 
of  the  nests  of  certain  other  ants — as  do  those  of  Anoplolepis, 
probably  leaving  the  fiercer  species  alone — which  they  raid  par- 
ticularly for  the  sake  of  the  young.  These  ants  do  not  concern 
themselves  with  man's  foodstuffs;  but,  after  having  attended 
strictly  to  their  particular  prey,  soon  leave  the  premises. 

The  Ponerinae  are  a  family  of  primitive  ants  that  nest  usually 
in  comparatively  small  colonies.  The  larger  species  may  sting 
severely.  Most  kinds  live  away  from  the  habitations  of  man, 
but  several  large  ones  (Odontomachus,  Odontoponera,  and 
Diacamma)  are  able  to  endure  a  great  deal  of  civilization. 
The  species  of  Diacamma  are  usually  blackish  in  the  worker  sex, 
with  the  very  dissimilar  males  pale  yellowish  or  yellowish  red, 
and  provided  with  wings  and  long  antennae.  They  nest  in 
convenient  hollows  in  trees,  under  bark,  logs,  etc.,  and  cover  the 
entrance  over  with  a  sort  of  curtain  of  interwoven  debris. 
They  are  timid  insects  and  easily  repulsed  by  certain  compar- 
atively small  species. 

For  some  time  a  small  colony  of  Diacamma  rugosvm  Le 
Guill.  subsp.  geometricum  Smith  var.  viridipurpureum  Emery  52 
occupied  a  rather  precarious  nesting  place  in  the  extremity  of 
a  termite-eaten  beam  supporting  the  back  of  the  porch  of  the 
old  forestry  building  at  Los  Banos.  For  a  while  they  held  their 
own,  but  eventually  vacated  their  dwelling,  probably  in  favor 
of  other  ants.  Their  new  habitation  was  soon  discovered  for, 
upon  pushing  my  foot  into  a  rather  moist  tennis  shoe  that  had 
been  left  on  the  sunny  porch  to  dry,  I  felt  a  sort  of  scrambling 
movement  within.  The  shoe  was  hurriedly  pulled  off  and  a 
quantity  of  Diacamma  dislodged.  Both  shoes  were  occupied  by 
a  total  of  about  twenty  of  these  large  ants,  with  their  larvae, 
a  cocoon,  and  a  dead  bug  as  provender.  In  one  of  the  shoes 
a  nest  covering  consisting  of  masses  of  dust,  dry  bits  of  leaf, 
etc.,  had  already  been  made.  The  tennis  shoes  of  two  neighbor- 
ing parties  were  similarly  seized  upon  by  these  ingenious  ants 
whose  presence  within  was  less  agreeably  hinted  at  than  in  my 
case,  by  a  few  effective  stings  in  the  pedal  extremities.  In 
Diacamma,  as  has  been  shown  by  Wheeler  and  Chapman 53  from 
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a  study  of  the  Philippine  D.  australe,  the  egg-laying  function  is 
assumed  by  one  of  the  workers,  differing  not  at  all  from  her 
fellows  excepting  that  she  is  made  capable  of  reproduction.  The 
genus  is  peculiar  to  the  Indo-Malayan  and  Australian  regions. 

The  subfamily  Myrmecinse  has  two  nodes  to  the  pedicel  of  the 
abdomen  and  embraces  perhaps  the  most  pestiferous  and  domi- 
ciliary of  all  ants.  Many  sting  very  efficiently  as,  for  example, 
the  "fire  ant"  (Solenopsis  gemminata)  and  the  agricultural  ants 
(Pogonomyrmex) .  Some  of  the  most  annoying  of  Philippine 
ants  are  one  or  more  species  of  Phidologiton,  which  live  in 
immense  communities  and,  despite  the  small  size  of  the  ordinary 
worker,  bite  very  feelingly.  It  is  this  ant  that  one  sees  crossing 
forest  paths  in  columns  studded  with  the  shining  and  compara- 
tively immense  "soldiers"  and  also  patronizing  the  numerous 
decaying  figs  of  Ficus  nota  on  the  lowlands.  They  nest  rather 
deeply  in  the  ground,  somjetimes  beneath  houses  which  they 
may  so  invade  as  occasionally  to  drive  the  occupants  from  their 
beds.     They  are  both  granivorous  and  insectivorous. 

At  least  three  species  of  Tetramorium,  identified  by  Doctor 
Wheeler,  frequent  houses  about  Los  Baiios.  They  are  Tetra- 
morium sp.  near  simillimum  Roger,  T.  guineense  Fabricius  var., 
and  T.  pacificum  Mayr.  One  ant,  probably  of  this  genus,  was 
never  observed  except  in  small  numbers,  dwelling  in  a  knot 
hole  or  beetle  boring  in  house  posts.  It  had  a  sluggish,  crouch- 
ing gait  and  was  fond  of  visiting  one's  tooth  brush.  When 
pressed  and  rubbed  with  the  finger  it  finally  breaks  into  three 
pieces.  Atopula  ceylonica,5*  related  to  Tetramorium,  was  found 
in  the  winged  form  in  a  house  at  Los  Banos. 

Tetraponera  attenuata  F.  Smith  (Sima  attenuata  Smith)  is  a 
very  slender,  polished,  black  ant  of  wide  Malayan  distribution, 
that  is  occasionally  found  in  houses,  but  which  more  commonly 
nests  in  twigs  and  other  hollows  in  trees.  The  ants  of  this 
genus  are  powerful  stingers  and  are  mimicked  by  attenuated 
spiders  and,  in  the  case  of  Sima  rufonigra  Jerdon  in  India,  by 
Ampulex  constanciae  Cameron,  a  sphecid  wasp  that  preys  on 
cockroaches.55 

The  genus  Monomorium  contains  some  cosmopolitan  species 
that  very  frequently  infest  houses,  where  by  their  small  size 
they  are  able  to  gain  entrance  into  very  narrow  spaces.     No 
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list  of  Philippine  house-inhabiting  species  was  made,  though 
it  is  to  be  expected  that  M.  floricola  Jerdon  var.  philippensis 
Forel,  M.  pharaonis  Linnaeus,  M.  destructor  Jerdon,  and  M.  mi- 
nutum  Mayr  may  be  listed  here.  Phidole  and  Cremastogaster 
should  also  occur  in  buildings. 

The  subfamily  Dolichoderinae  has  at  least  one  disagreeable 
little  black  ant  that  is  to  be  found  particularly  in  vine-laden 
houses.  Dolichoderus  (Hypoclinea)  bituberculatus  (Mayr)56  is 
a  lover  of  honey  dew  and  may  be  present  in  such  numbers  upon 
certain  trees  and  bushes  attending  mealy  bugs,  tree  hoppers 
(Membracidae),  etc.,  as  to  make  the  inspection  of  such  plants 
very  unpleasant.  They  do  not  sting  but  nip  rather  capably  and 
squirt  out  a  fluid  smelling  like  rancid  butter,  from  the  end  of 
the  abdomen.  They  are  found  stringing  along  bamboo  railings, 
arigues,  and  wires  for  the  transmission  of  electricity.  They  are 
also  about  at  night.  They  often  rest  (?)  on  the  march  and 
are  then  found  in  groups  or  camps  along  their  pathway.  Their 
nest  may  be  located  in  a  bamboo  joint  in  a  house,  between 
two  leaves  fastened  together  by  a  sort  of  rough  carton,  etc. 
When  disturbed  they  become  very  irascible  and  rush  out  of 
their  nest  and  stand  in  a  challenging  manner,  jaws  open  and 
body  raised  off  the  ground  so  as  to  bring  the  tip  of  the  abdomen 
forward  and  up,  to  discharge  the  unpleasant  fluid.  Despite 
their  aggressiveness,  a  certain  tiny  fly  causes  them  much  con- 
cern. Once  I  observed  some  of  these  ants  carrying  on  in  an 
aggravated  manner,  for  the  minute  dipter  was  flying  over 
and  about  an  ant,  now  and  then  darting  down  and  occasionally 
touching  it,  apparently  on  the  thorax.  The  fly  attempted  to 
touch  the  same  ant  more  than  once.  An  attacked  Dolichoderus, 
instead  of  moving  along,  at  first  assumed  its  offensive  pose, 
with  jaws  wide  open,  and  started  angrily  at  each  touch,  but 
when  the  fly  kept  repeating  its  tactics  the  victim  stampeded. 
Presumably  this  little  fly  parasitizes  these  ants. 

The  Camponotinae  include  ants  of  very  high  mental  and  social 
order  and  species  of  such  genera  as  Formica,  the  biology  of 
which  has  been  much  studied  in  temperate  regions. 

Oecophylla  smaragdina  (Fabricius)  lives  in  trees  where, 
using  its  larvae  as  spinners,  it  constructs  a  silk  and  leaf  nest. 
It  is  a  most  decidedly  unpleasantly  biting  ant  that  occasionally 
gets  on  porches  through  the  medium  of  wires  or  vines.     A 
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rather  exhaustive  account  of  this  ant  in  India  is  given  by 
Hingston.57 

Anoplolepis  longipes  58  Jerdon  is  an  active,  long-legged,  yel- 
lowish ant,  commonly  seen  running  about  floors.  It  nests  in 
old,  eaten-out  planks,  between  debris  and  plants,  etc.  Though 
of  slight  build  it  is  able,  through  an  anal  fluid,  to  hold  its  own 
in  the  ant  world  and  to  prey  upon  comparatively  large  insects, 
such  as  winged  termites. 

Paratrechina  longicornis  Latreille  are  abundant,  particularly 
in  outhouses.  They  are  inquisitive,  rather  small,  very  active 
blackish  ants  which,  when  flooded  out  of  their  outhouse  abode, 
as  by  water  from  a  hose,  will  scale  the  walls  and  there,  high 
and  dry,  queens  in  their  midst,  wait  until  the  danger  is  past. 

The  carpenter  ants  belong  to  the  genus  Camponotus  and 
dwell  chiefly  in  dead  wood  which  they  hollow  out  to  some  extent 
and  often  protect  the  more-exposed  portion  of  the  nest  with 
a  crude  sheet  of  debris.  They  are  rather  large  ants  with  two  or 
more  castes  in  the  worker  sex,  one  having  very  massive  heads, 
and  the  other  constituting  effective  defenders  of  the  colony  for, 
when  disturbed,  they  rush  out  and  fiercely  pinch  any  offending 
object.  In  the  Philippines,  I  have  found  Camponotus  (Tanae- 
myrmex)  irritans  F.  Smith  subsp.  obfuscatus  Vieh  59  in  a  house, 
and  it  is  probably  the  species  that  nested  in  old  house  timbers, 
remaining  in  seclusion  during  the  day  and  sallying  forth  at 
night  in  search  of  food.  Winged  male  and  female  Camponotus 
are  often  attracted  in  annoyingly  large  numbers  at  lights,  some- 
times, it  seems,  almost  to  the  exclusion  of  other  insects. 

Additional  species  of  ants  are  attracted  to  lights — here  may 
be  mentioned  Camponotus  (Colobopsis)  leonardi  Emery  59  and 
species  of  Polyrhachis,  The  latter  genus  is  represented  in  the 
Philippines  by  many  species,  the  majority  of  which  inhabit  the 
forest,  where  their  nests  of  silk  and  debris  are  often  found  on 
trees.  Some  species,  such  as  Polyrhachis  (Myrmhopla)  acan- 
tha59  dwell  in  more-open  country  and  are  sometimes  found  in 
and  about  houses.  The  members  of  this  genus  are  very  com- 
monly armed  with  a  few  more  or  less  conspicuous  spines. 

07  Journ.  Bombay  Nat.  Hist.  Soc.  29,  Parts  1-3,  363  et  seq. 

58  Identified  by  Wm.  M.  Wheeler. 

59  Identified  by  Wm.  M.  Wheeler. 
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DESCRIPTIONS   OF   NEW   SPECIES   OF   WASPS 

EUMENES   MAKILINGI   sp.   nov.     Plate   2,   figs.    2    and   3. 

Female,  type. — Length  to  end  of  second  abdominal  segment, 
13  millimeters.  Slender.  Black,  with  pale  yellowish  markings 
as  follows :  A  pair  of  large,  almost  fused  spots  at  base  of  clypeus, 
wedge  between  antennae,  inner  eye  margin  from  near  base  of  cly- 
peus to  large  part  of  emargination,  narrow  strip  behind  eyes,  pro- 
notum  with  a  dorsal  band,  notched  posteriorly  in  the  middle, 
and  with  an  adjoining  lateral  band  on  anterior  margin,  meso- 
notum  with  a  lateral  stripe  anterior  to  the  tegulae  and  two 
pairs,  one  below  the  other  on  the  pleurae,  small  spot  on  posterior 
part  of  tegulae  and  posterior  angles  of  scutum,  a  pair  of  wide, 
more  or  less  fused  spots  on  metanotum,  and  two  pairs  of  spots  on 
propodeum,  apex  of  fore  and  middle  femora,  and  most  of  fore 
and  middle  tibiae,  mid  and  posterior  coxae  on  outer  side,  and  a 
small  dorsal  stripe  on  hind  tibia,  dorsal  apical  margin  of 
pedicel,  spot  each  side  second  abdominal  segment,  a  subapical 
band  on  second  abdominal  tergite,  and  a  double  spot  near  apex 
of  second  abdominal  sternite;  teeth  and  apex  of  mandibles 
reddish;  wings  moderately  infuscate.  Generally  smooth  and 
polished ;  puncturation  scattered  and  rather  shallow,  best  devel- 
oped on  upper  part  of  frons,  on  pronotum,  mesopleurse,  pro- 
podeum, and  second  abdominal  segment,  the  segments  following 
sparsely  and  very  finely  punctate;  clypeus  gently  emarginate, 
mandibles  with  four  teeth,  third  joint  of  antenna  nearly  twice 
as  long  as  fourth;  thorax  short,  stout,  rounded  fore  and  aft, 
without  processes,  except  the  drawn-out  posterior  angle  of 
scutum,  propodeum  bilobed  by  reason  of  the  longitudinal  foveate 
median  line;  pedicel  slender,  about  equal  in  length  to  head  plus 
thorax,  the  spiracle  on  a  slight  swelling  at  about  middle  length, 
second  abdominal  segment  drawn  out  a  little  petioliform  where 
it  joins  the  petiole  and  raised  ringlike  on  the  yellow  band 
before  the  thin,  slightly  reflexed  posterior  margin  of  tergite. 
Wings  with  the  two  recurrents  entering  the  second  submarginal 
cell  about  equally  distant  from  the  middle,  second  submarginal 
cell  subtriangular,  narrow  along  the  marginal  vein,  third  sub- 
marginal  much  larger  than  second.  Vestiture:  Some  erect 
hair,  white  on  face  and  sides  of  thorax,  propodeum,  and  abdomen, 
pale  brown  on  notum  of  thorax. 

231712 7 
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Male,  allotype. — Length  to  end  of  second  abdominal  segment, 
11.5  millimeters.  Much  like  the  female  though  more  heavily 
and  deeply  punctured,  particularly  on  thorax  and  with  the 
clypeus  entirely  yellow  except  the  gently  emarginate  apex  and 
the  entire  eye  margination  yellow.  Antennae  well  hooked; 
spiracular  tubercle  on  pedicel  better  developed  than  in  the  female. 

Type,  from  Los  Baiios,  Luzon,  February,  1922;  allotype, 
Zamboanga,  Mindanao,  October,  1921,  F.  X.  Williams;  paratypes, 
2  males  and  1  female,  Los  Banos,  Luzon,  C.  F.  Baker;  1  male, 
Los  Banos,  Luzon,  1925,  C.  E.  Pemberton;  and  1  female,  Los 
Banos,  Luzon,  November,  1922,  F.  X.  Williams. 

In  some  specimens  the  thoracic  bands  are  more  or  less  inter- 
rupted. 

ODYNERUS   LONGITEGULAE   sp.   nov.     Plate  6,   figs.   2  and   4. 

Female,  type. — Length  to  end  of  second  abdominal  tergite, 
10  millimeters.  Of  medium  build.  Black  and  polished;  yellow7 
as  follows :  Clypeus  (except  a  median  stripe  and  front  margins) , 
base  of  mandibles,  scape  beneath,  small  spot  between  antennae 
and  a  large  one  just  above  this  spot,  invagination  of  eyes  and 
a  stripe  on  cheeks,  front  of  pronotum,  a  pair  of  hooklike  markings 
(recurved  outwardly)  on  scutum,  tegulae  except  submedian  spot 
and  margin,  a  large  spot  on  sides  beneath  wings,  two  spots 
on  scutellum  and  most  of  mesonotum,  apical  sides  of  propodeum, 
forelegs,  except  most  of  trochanters  and  of  coxae  and  part  of 
femora,  the  second  and  third  pairs  of  legs  less  yellow  but  more 
brownish;  wings  lightly  infuscate,  abdomen  with  a  band  on 
first  four  segments,  a  pair  of  lateral  spots  on  first  segment;  in 
addition,  the  mandibles  are  mainly  brownish,  of  which  there  is 
also  a  good  deal  on  the  legs,  and  the  spot  and  margin  of  the 
tegulae  are  pale  semitransparent  brown.  Head  about  as  wide 
as  thorax;  mandibles  5-dentate,  the  fifth  or  basal  tooth  from 
lower  side  of  fourth;  antennae  with  joint  3  distinctly  longer 
than  4;  clypeus  nearly  or  quite  as  long  as  wide,  the  distal 
produced  part  truncate  and  slightly  emarginate;  between  the 
bases  of  antennae  the  frons  is  longitudinally  raised  and  finely 
carinate  in  the  middle,  sculpture  of  deep,  rather  large  punctures, 
though  the  disk  of  clypeus  is  medially  more  or  less  irregularly 
longitudinally  wrinkled;  punctures  very  close  on  frons,  tegulae 
especially  elongate;  the  propodeum  has  three  teeth  at  its  latero- 
apical  angles,  the  uppermost  tooth  giving  forth  a  delicate 
carina  that  runs  back  toward  base,  the  sides  of  propodeum  in 
a  great  measure  of  exceedingly  fine  reticulate  appearance  and 
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with  some  wrinkles  at  sides,  posterior  face  with  trace  of  fine 
median  carina  and  fine,  not  very  distinct,  oblique  striae;  wings 
with  marginal  cell  rounded  from  apex  and  slightly  appendic- 
ulate;  abdominal  segments  2,  3,  and  4  particularly  strongly 
punctured,  especially  at  apex  where  the  punctures  are  rather 
deep,  margin  of  second  tergite  well  reflexed.  The  transverse 
furrow  on  second  sternite  is  not  carinulate  but  more  or  less 
punctured,  while  mesially  from  its  posterior  edge  runs  a  short 
impressed  line.  Vestiture  sparse,  mainly  silvery  golden  pubes- 
cence. 

Type,  1  female,  from  Los  Bafios,  Philippines,  June,  1917; 
paratype,  1  female,  same  locality,  June,  1921,  F.  X.  Williams. 

The  paratype  lacks  the  small  spots  on  the  first  abdominal 
tergite  but  has  a  pair  of  small  spots  on  the  second  sternite. 
The  first  abdominal  tergite  is  also  less  strongly  reflexed. 

This  insect  has  somewhat  the  appearance  of  Odynertis  ves- 
poides  Williams  (1919),  which  has  the  marginal  cell  likewise 
somewhat  rounded  apically  and  slightly  appendiculate. 

ODYNERUS    (LEIONOTUS)    XANTHOZONATUS  Ashmead.     Plate   6,  figs.   1   and  3. 

Odynerus  (Leionotus)  xanthozonatust  Ashmead,  Proc.  U.  S.  Nat.  Mus. 
28   (1905)   962. 

The  male  is  much  like  the  female;  the  antennae  are  hooked 
at  the  tip,  and  additional  yellow  markings  are  as  follows :  Basal 
curvature  of  clypeus  (instead  of  merely  both  basal  sides),  stripe 
on  first  antennal  joint  beneath,  and  the  tarsi,  more  or  less 
basally.  The  mandibles  have  four  teeth;  and  the  median  pit 
or  depression  behind  the  ocelli,  which  in  the  female  has  a  raised 
and  arched  posterior  border,  is  here  subobsolete. 

This  insect  has  a  fondness  for  building  in  and  about  dwellings 
of  the  more  open  type,  and  the  nest-building  material  is  mainly 
a  resinous  substance. 

ANCISTROCERUS    DOMESTICUS    sp.    nov.    Plate    6,    figr.    6. 

Female,  type. — Length  to  end  of  second  and  abdominal  tergite, 
7  millimeters.  Moderately  slender;  black  and  polished;  yellow 
as  follows:  Clypeus,  mandibles,  first  two  antennal  joints,  spot 
between  antennae,  within  eye  emargination,  back  of  the  eyes 
above,  two  spots  on  pronotum,  tegulae,  posterior  scutal  angles, 
metanotum,  legs  except  coxae  and  trochanters  and  portion  of 
the  hind  femora,  posterior  margin  of  first  abdominal  tergite,  and 
both  tergite  and  sternite  of  second  abdominal  segment ;  flagellum 
of   antennae   brown   beneath;    wings   lightly   iijfuscate.     Head 
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about  as  wide  as  the  middle  of  the  thorax,  squarish  behind  the 
eyes;  mandibles  (with  tip  broken)  probably  5-dentate;  antennae 
with  joint  3  distinctly  longer  than  4,  the  flagellum  clavate; 
clypeus  nearly  or  quite  as  long  as  wide,  the  distal  truncation 
gently  excavate;  between  the  eyes  at  the  base  of  the  clypeus 
the  frons  is  longitudinally  swollen  and  sharply  carinate  for  its 
distal  portion;  elsewhere  the  frons  and  genae  are  very  closely 
and  rather  coarsely  punctured  (=  reticulate)  ;  the  vertex,  par- 
ticularly the  ocellar  area,  has  much  finer  and  sparser  punctures, 
with  the  occiput  with  large  separate  punctures;  ocelli  but  little 
sunken,  arranged  in  a  low  triangle  and  posterior  to  them  a 
a  small  median  pit.  Thorax  coarsely  and  closely  punctured 
with  a  reticulate  effect;  posterior  face  of  propodeum  excavate, 
with  a  fine  median  carina  and  mainly  with  sparse  scattered 
punctures  except  dorsally  and  down  the  sides  where  it  is  deeply 
reticulate;  drawn  out  into  a  pair  of  thorns  at  the  sides  and 
near  the  base  and  with  a  still  more  basal  place;  second  sub- 
marginal  cell  nearly  triangular  and  receiving  the  second  recur- 
rent quite  near  its  outer  edge;  third  pair  of  coxae  with  a  flat 
thorn  on  the  postero-lateral  angle.  Abdomen  with  two  trans- 
verse carinae  on  basal  half  of  first  tergite;  transverse  notch  in 
second  abdominal  sternite  with  10  or  11  longitudinal  carinulae, 
posterior  to  this  sternite  it  is  rather  suddenly  and  well  raised. 
Abdomen  with  rather  scattered  though  distinct  punctures 
above  and  below,  at  least  on  the  first  three  segments — the  other 
segments  being  well  retracted.  Vestiture,  very  sparse  and 
yellowish. 

Described  from  1  female  that  was  plastering  up  a  nail  hole 
in  a  box  in  a  house.  Los  Baiios,  Philippines,  March,  1921, 
F.  X.  Williams. 

This  may  be  the  female  of  Odynerus  imbecillius  Saussure, 
from  Java. 

CRABRO  MAKILINGI  sp.  nov.     Plate  6,  fig.  8. 

Female,  type. — Length,  6.5  millimeters.  Rather  stout,  ex- 
cept that  abdomen  is  subpetiolate.  Black,  with  yellow  as  fol- 
lows: First  antennal  joint,  raised  posterior  pronotal  ridge 
(reddened  by  cyanide?)  and  the  lobes,  scutellum  (also  with 
two  brown  spots),  and  a  large  part  of  the  tibiae  and  tarsi; 
the  mandibles  largely  reddish,  while  a  part  of  the  antennae  and 
the  tegulae  are  brownish.  Sculpture  delicate.  Mandibles 
bidentate  at  apex;  clypeus  subtruncate  and  gently  trilobed 
at  apex,  a  central  carina  not  attaining  margin ;  antennal  sockets 
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touching  each  other  and,  outwardly,  the  eye  margins,  joints 
2  and  3  about  equal,  4  longer;  eyes  widely  diverging  toward 
and  subemarginate  at  vertex;  ocelli  in  a  low  triangle,  the  ante- 
rior ocellus  the  smallest  and  separated  from  the  others  by  a 
little  less  than  its  diameter,  the  posterior  ones  distant  from  the 
compound  eyes  by  about  the  diameter  of  each ;  head  shining  and 
with  very  fine  separated  punctures;  mesonotum  and  metanotum 
with  rather  fine  separate  punctures,  denser  anteriorly  on  scu- 
tum; propodeum  more  polished  and  only  weakly  punctured  and 
with  a  weak  initial  basal  carina,  a  well-marked  posterior  fovea 
and  a  fine  bounding  carina  on  sides,  a  fine  transverse  carina 
on  sides  before  mid  coxa.  Wings  with  truncation  of  marginal 
cell  a  little  oblique,  first  recurrent  vein  joining  first  submargi- 
nal  cell  very  slightly  before  middle.  Abdomen  with  the  first 
segment  forming  a  short  petiole,  with  fine,  well-separated  punc- 
tures and  the  sides  finely  keeled  to  apex;  pygidium  subtriangu- 
lar,  about  as  long  as  wide,  compressed,  though  not  finely  drawn 
out  nor  excavate  at  apex,  the  lateral  margins  low,  a  well-defined 
median  carina,  the  disk  rather  dull  and  coriaceous.  Vestiture, 
silvery  pile  on  the  clypeus. 

Type,  1  female,  Los  Baiios,  Philippines,  September  9,  1917, 
F.  X.  Williams;  nesting  in  an  old  termite  tunnel  in  wood  and 
storing  flies.  Paratypes,  3  females,  same  locality,  July  and 
August,  1921.     The  paratypes  have  no  brown  on  scutellum. 

RHOPALUM   DOMESTICUM   sp.    nov.     Plate    6,    figs.    5    and    7. 

Female,  type. — Length,  5  millimeters.  Slender;  polished  and 
black,  with  yellowish  white  as  follows:  First  antennal  joint, 
lobes  of  pronotum  (except  spot),  tegulae  in  part,  first  and  second 
pairs  of  legs,  apical  part  of  hind  coxae,  trochanters  and  base  of 
tibiae  of  hind  legs,  and  basal  part  of  pedicel  of  abdomen ;  man- 
dibles largely  reddish  and  flagellum  and  apex  of  abdominal  seg- 
ments brownish,  with  posterior  margin  of  pronotum  more  or 
less  testaceous.  Mandibles  bidentate  at  apex;  clypeus  with  a 
prominent  lobe  on  each  side  of  middle,  and  with  lateral  angles 
sharp;  a  median  beaklike  process  just  above  and  against  an- 
tennal sockets;  frons  smooth,  narrow,  and  excavate  for  the  an- 
tennae; antennal  joint  2  longer  than  3,  which  is  a  very  little 
less  than  4;  eyes  strongly  diverging  toward  vertex;  ocelli  ar- 
ranged nearly  in  an  equilateral  triangle,  the  fore  ocellus  a 
little  the  smallest,  all  separated  from  one  another  by  less  than 
their  diameter,  and  from  the  compound  eyes  by  more  than  their 
diameter;  a  fine  impressed  line  from  each  posterior  ocellus  to 
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eyes;  vertex  and  thorax  with  fine  separate  punctures;  propo- 
deum  almost  without  punctures,  a  few  basal  carinulae,  a  pos- 
terior face  fovea,  and  below  it  toward  pedicel  a  carina  and  some 
transverse  carinutee ;  marginal  cell  obliquely  truncate ;  first  recur- 
rent vein  running  into  first  submarginal  cell  beyond  middle; 
abdomen  finely  coriaceous.     Vestiture,  silvery  on  clypeus. 

Male,  allotype. — Length,  4.5  millimeters.  Like  female,  except 
clypeus,  which  is  subtruncate  with  the  lobes  very  much  reduced, 
thus  forming  rounded  outer  angles,  and  a  shallow  median  ex- 
cavation, lateral  angles  not  so  prominent. 

Type,  1  female,  Los  Banos,  Philippines,  January  12,  1922; 
allotype,  male,  same  locality,  September  10,  1922;  paratypes,  4 
males,  same  locality,  June  and  August,  1921,  F.  X.  Williams. 
Preys  on  Corrodentia  (book  lice). 

COLEOPTERA 

BEETLES 
HOUSEHOLD  BEETLES 

Unfortunately,  not  much  attention  was  given  this  order  of 
insects  as  occurring  in  dwellings,  although  they  exist  there  in 
considerable  variety.  Large  numbers  may  be  attracted  to  lights, 
causing  some  annoyance  by  their  erratic  gyratory  flight.  After 
the  lights  are  turned  off,  flashing  fireflies  (Lampyridae)  are  often 
seen  high  under  the  dark  apex  of  the  roof.  At  least  several 
species  may  thus  occur  in  houses,  a  common  one  with  a  strong 
luminescence  being  Colophotia  praeusta  Eschscholtz,  a  pale 
brownish  insect  7  or  8  millimeters  long;  another  is  a  species  of 
Luciola,  of  lesser  size  and  with  black  elytra,  while  a  third  is 
Vesta  sp.,  rather  large  and  wide,  red  and  black,  and  but  feebly 
luminescent.  Outside  in  the  fields  by  the  roadside  or  along  the 
river  additional  species  occur,  and  one  may  come  upon  a  beauti- 
ful sight  in  a  wayside  tree  fairly  scintillating  with  their  num- 
bers. As  adults,  certain  fireflies  are  carnivorous,  but  many  of 
the  more  delicately  formed  kinds  are  undoubtedly  plant  feeders, 
wholly  or  in  part.  The  larvae  prefer  moist  places,  and  the  Los 
Banos  ones  are  common  along  Molawin  River,  a  small  stream 
arising  from  the  slopes  of  Mount  Maquiling.  Their  lumines- 
cence is  usually  inferior  to  that  of  the  mature  insect.  Snails 
form  the  principal  food  of  many  of  the  larvae  (that  is,  those 
with  a  slender  form  and  greatly  extrusible  head),  and  they  do 
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not  confine  their  hunt  to  the  ground  but  may  be  found  on  some 
bush  as  well,  the  head  and  part  of  the  thorax  inserted  into  the 
shell  of  the  victim  (Plate  3,  fig.  5),  which  they  paralyze  with  a 
single  nip  of  the  jaws. 

Of  very  commonplace  aspect  but  of  great  economic  detriment 
are  the  bucbuc,  the  Tagalog  name  for  certain  boring  beetles  of 
small  size,  generally  belonging  to  the  families  Bostrychidse  and 
Scolytidse.  These  are  stout  cylindrical  insects  with  rounded 
or  subtruncate  extremities  that  form  their  "shot-hole"  tunnels 
in  wood,  both  as  young  and  as  adults.  The  bucbuc  that  perfo- 
rate the  bamboo  work  of  a  house,  particularly  when  this  wood  is 
not  well  seasoned,  are  especially  injurious,  as  the  quantity  of 
wood  dust  beneath  the  attacked  portions  indicates. 

Dinoderus  minutus  (Fabricius)00  are  among  the  chief  "shot- 
hole"  offenders,  and  they  quickly  ruined  some  long  straight 
pieces  of  stem  of  Schizostachyum  lima  bamboo  that  I  had  brought 
into  my  room.  Their  borings  were  1.5  millimeters  in  diameter 
and  about  35  long.  Woodworth  61  mentions  three  Bostrychidse ; 
namely,  Dinoderus  brevis  Horn,  Dinoderus  minutus  Fabricius, 
and  Heterobostrychus  aequalis  Waterhouse,  as  attacking  species 
of  bamboo.  Other  beetles,  such  as  the  larger  Xylothrips  flavipes 
Illiger  (Bostrychidse)  and  Scolytidse,  attack  the  posts,  or 
arigues,  of  forest  timber.  A  species  of  domiciliary  Scleroder- 
ma, a  small  wasp,  wingless  and  antlike  in  the  female  sex,  no 
doubt  parasitizes  the  larvse  of  the  lesser  bucbuc,  while  the  much 
larger  Xylothrips  seems  to  have  an  enemy  in  the  slender  me- 
tallic blue  beetle  (Cylidrus  cyaneus  Fabricius)  of  the  predatory 
family  Cleridse,  which  may  from  time  to  time  be  seen  entering 
beetle  borings  in  posts;  here  belongs  also  Tillus  someranus 
(Gorham),  a  red  and  black  species  often  common  in  houses 
and  on  house  posts,  and  the  cosmopolitan  Tarsostenus  univitta- 
tus   (Rossi). 

The  still  larger  bostrychid  Heterobostrychus  aequalis  Water- 
house  sometimes  breeds  in  the  wood  of  boxes,  and  has  been 
taken  thus  in  Manila.62 

At  least  two  species  of  powder-post  beetle,  Lyctus  sp.  and 
Minthea  rugicollis  Walker  of  the  family  Lyctidse,  occur  in  Phil- 

60  Identified  by  F.  C.  Hadden. 
"Philip.  Agr.  10   (1921)    13. 

62  Heterobostrychus  aequalis  and  Dinoderus  brevis  have  been  reared  from 
bamboo  shipped  into  England.     Tomlin,  Ent.  Mo.  Mag.  Ill  11    (1925)  94. 
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ippine  houses  and,  if  we  include  insects  affecting  stored  products, 
a  number  of  other  beetles  will  be  added  to  the  list.63 

PRIONOCERUS    CAERULEIPENNIS    Perty.     Plate   2,    figrs.    4,    5,    and    6. 

The  family  Melyridae  is  closely  allied  to  the  Malacodermidae, 
which  contains  the  majority  of  luminescent  beetles.  It  is  not 
surprising,  therefore,  to  find  that  the  power  of  producing  light 
is  not  wholly  lacking  in  the  Melyridae,  as  exemplified  by  the 
common  Prionocerus  caeruleipennis  Perty  (Plate  2,  fig.  4)  of 
the  Philippines  and  elsewhere.  The  beetle  in  question  is  10  to 
12  millimeters  in  length,  with  a  reddish  pronotum,  and  deep 
metallic  blue  to  greenish  wing  cases.  Perhaps  fully  matured 
specimens  are  nonluminous,  but  larvae,  pupae  and,  to  a  slight 
extent,  callow  adults  are  light-bearing.  My  first  acquaintance 
with  the  luminescent  property  in  Prionocerus  was  the  finding  at 
dusk  of  its  rather  elateroid,  prong-tailed  larva,  on  November  8, 
1920,  in  a  ravine.  Some  weeks  later,  one  evening  after  retiring 
I  noticed  a  shining  spot  on  the  coat  rack  in  my  room  and,  on 
examining  a  suspended  garment  there  the  following  morning, 
found  an  actively  wriggling  Prionocerus  pupa  hanging  from  the 
shrunken  larval  skin  that  was  loosely  secured  to  the  coat.  It 
yielded  an  imperfect  adult.  Rather  well-grown  larvae  (Plate  2, 
fig.  5)  were  found  in  the  evening  near  Molawin  Creek,  Mount 
Maquiling,  Los  Banos,  where  they  occurred  as  a  rule  on  pieces 
of  wood  and  twigs.  The  body  is  rather  stout  and  depressed  and 
the  large  head  bears  a  pair  of  strong  jaws  that  suggest  a  car- 
nivorous habit.  The  fore  part  of  the  head  is  rich  brown,  the 
base  pale  brownish  white,  with  a  curved  line  across  it;  the 
main  part  of  the  body  above  is  a  sort  of  wood  brown;  the 
anal  process  is  forked  and  roughened  and  blackish  brown 
in  contrast  to  its  whitish  base  and  preceding  segment.  The 
body  has  sparse  erect  pale  brown  hairs.  The  larvae,  one  of 
which  was  15  millimeters  long,  are  active  and  with  greenish 
luminescence  distributed  as  follows:  A  rather  diffused  lateral 
spot  on  the  mesothorax  and  methathorax,  a  large  strong  spot 
on  each  side  of  the  eighth  abdominal  segment,  and  segments  5, 
6,  and  7  have  two  pairs  each,  the  upper  small  and  more  ante- 
rior as  well;  4  has  one  upper  spot,  and  3,  2,  and  1  of  abdomen 
each  a  pair  of  spots  rather  low  on  the  sides.  The  pupa  (Plate  2, 
fig.  6)  at  first  showed  a  greenish  yellow  glow  throughout  the  body 
with  the  head  more  strongly  luminous,  but  as  it  approached  ad- 

68  See  Wood  worth,  Philip.  Agr.  10   (1921)   35. 
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olescence  only  the  head  end  and  the  sides  of  the  abdomen  shone, 
the  rest  being  dark  or  nearly  so.  Five  days  after  its  discovery 
it  was  still  luminous  in  its  head  and  tail  portions  but  more  dis- 
tinctly so  toward  the  head  where  there  were  two  lateral  protho- 
racic  and  one  basal,  pronotal  area.  The  freshly  hatched  adult  is 
only  faintly  luminous,  the  glow  best  developed  on  the  prothorax, 
back  of  the  wings,  and  a  little  on  the  abdomen. 

The  adults  appear  to  be  phytophagous,  a  number  having  been 
seen  nibbling  the  anthers  on  the  inflorescence  of  a  palm  tree. 

VERTEBRATES 

FROGS  IN  HOUSES 

POLYPEDATES  LEUCOMYSTAX  Gravenhorst.     The  banana  fro*,  palacang  sajruin*.     Plat* 
7,  fig.  3;  Plate  8,  fig.  4. 

This  common  and  widely  distributed  frog  is  known  to  almost 
everyone  who  lives  away  from  the  madding  throng.  It  resem- 
bles in  form  and  in  some  of  its  habits  its  smaller  relatives,  the 
pretty  green  or  brown  tree  toads  (Hyla)  of  the  United  States. 
A  good-sized  banana  frog  is  about  7.5  centimeters  long  in  head 
and  body  and,  though  varying  in  color,  is  usually  a  sort  of  olive 
brown  with  darker  body  stripes.  It  is  much  less  timid  than  are 
many  frogs  and  not  very  aquatic. 

It  is  an  expert  climber  and  likes  to  rest  in  the  shade  on  leaves 
of  large  size,  like  those  of  the  banana,  the  Manila  hemp,  or 
abaca  (Musa  textilis  Nee),  and  heliconoids,  and  is  not  averse  to 
selecting  a  cozy  place  in  a  house  as  a  temporary  habitat.  One 
of  these  amphibians  chose  the  damp  folds  of  a  bathing  suit 
hung  upon  a  bamboo  pole  on  a  porch  of  western  exposure,  as 
a  fitting  place  in  which  to  cool  off.  At  night  it  becomes  active, 
and  after  contemplation  moves  along  in  1.5-meter  leaps,  jumping 
very  quickly  in  through  the  open  door  and  on  the  wall  or  table. 
It  may  rest  for  some  minutes  on  the  vertical  woven  bamboo  wall. 
No  doubt  it  is  attracted  by  the  insects  that  fly  to  light.  Its  croak 
is  dry,  rather  harsh  and  suppressed,  and  not  very  loud.  The 
eggs  are  enveloped  in  a  mass  of  foam  which  becomes  hard-crusted 
in  the  sun ;  these  masses  are  suspended  from  twigs,  leaves,  stones, 
etc.,  over  or  above  water,  and  I  found  many  such  plastered  on 
the  cement  walls  of  a  water  trough;  some  of  the  masses  just 
reached  down  to  the  water,  some  were  partly  immersed,  and 
others  still  well  above  it.  The  tadpoles,  on  hatching  about  three 
days  later,  have  only  to  wiggle  down  by  gravity  to  the  lower  edge 
of  the  white  mass,  break  through  it,  and  drop  into  the  water 
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and  there  complete  their  transformation.  In  the  frothy  egg 
masses  are  often  found  the  maggots  and  puparia  of  a  good-sized 
muscoid  fly. 

Polypedates  leucomystax  has  a  representative,  perhaps  more 
domiciliary  than  itself,  in  North  Queensland,  Australia.  It  is 
Hyla  caerulea,  a  green  frog  (despite  its  specific  name)  th?at 
reaches  a  length  of  10  centimeters.  "Its  snout  is  blunter  than 
that  of  the  banana  frog  and  it  seems  less  active.  It  was  rather 
numerous  about  the  veranda  of  the  house  where  I  lived  for  a 
couple  of  months,  and  toward  evening  several  would  leave  their 
place  of  concealment  between  or  on  top  of  the  shaded  beams,  and 
either  crawl  about  the  house  posts  in  a  series  of  pausing  advan- 
ces, or  else  surprise  one  by  the  loud  "plop"  of  their  leap  from  on 
high  to  the  cement  floor.  I  was  told  that  this  frog,  which  at 
certain  times  of  the  year  often  roosts  in  houses  or  about  porches 
in  considerable  numbers,  inflates  itself  preparatory  to  its  fall! 
When  alarmed  or  seized  by  its  natural  enemies  it  gives  forth  a 
shrill  and  startling  cackle,  evidently  calculated  to  confuse  its 
foe. 

According  to  Taylor, 64  over  fifty  species  of  the  genus  Poly- 
pedates are  known,  and  seven  of  these  have  been  recorded  from 
the  Philippines. 

LIZARDS   IN   HOUSES 

Lizards  are  among  the  most-constant  representatives  in  a  trop- 
ical house  fauna.  Some,  as  the  skinks,  are  common  only  in  coun- 
try places,  and  even  then  can  scarcely  be  called  domiciliary,  but 
many  of  the  Geckonidse  are  satisfied  to  spend  a  lifetime  in  build- 
ings where  conditions  are  favorable  to  their  existence. 

Foremost  in  size  and  reputation  among  the  Philippine  Gecko- 
nidse and  a  veritable  surprise  to  the  new  traveler  in  the  oriental 
Tropics  is  the  "talking  lizard"  or  tukko-tukko  (Gekko  gecko)  of 
the  Filipinos.  This  reptile,  the  ruler  of  the  ridge  pole  (Plate  3, 
fig.  10),  is  perhaps  more  often  heard  than  seen  for,  well  hidden 
within  a  sawale  wall,  or  resting  on  or  inside  a  lofty  bamboo  pole, 
it  sends  forth  a  stentorian  call  that  strongly  suggests  the  word 
"gecko,"  leisurely  repeated  some  half  dozen  times  and  often  varied 
with  a  sort  of  rapid  stutter  or  a  growl.  It  is  an  unhandsome, 
large-headed  creature  of  anaemic  aspect,  though  powerfully  mus- 
cular, that  measures  from  about  20  to  25  centimeters  in  length. 

"Philip.  Journ.  Sci.  16    (1920)   213-359,  10  pis.,  9  text  figs. 
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It  is  somewhat  variable  in  color,  but  is  usually  a  sort  of  pale,  lead 
gray  spotted  with  brick  red,  the  tail  more  or  less  banded  with 
dark  (Plate  8,  fig.  1).  The  body  is  roughened,  but  scales  are 
hardly  apparent,  and  the  large  eyes  dirty  pale  greenish  yellow 
with  a  vertical  black  iris.  The  feet  have  well-expanded  sucker 
disks  beneath  the  toes  which  enable  it  to  climb  vertical  walls  and 
ceilings.  The  large  jaws  are  lined  with  numerous  small  teeth 
and,  although  the  gecko  always  tries  to  escape  an  enemy,  it  be- 
comes aggressive  when  seized  and  will  then  take  hold  of  any  of- 
fending object  in  a  bull-dog  grip,  which  is  not  loosened  until  it 
feels  there  is  a  chance  for  escape.  While  typically  a  house  lizard, 
the  gecko  is  also  to  be  found  in  forests,  or  hidden  away  among 
bowlders  or  scrubby  trees,  or  in  some  remote  grass  area.  It  does 
not  talk  much,  on  an  average  perhaps  not  more  than  two  or  three 
times  daily ;  it  thus  sets  a  worthy  example  to  those  persons  who 
are  prone  to  excessive  verbosity.  The  call  of  the  gecko,  however, 
has  a  range  of  several  hundred  feet  and,  when  emitted  from 
within  a  bamboo  joint  that  operates  as  a  sort  of  sounding  box, 
seems  specially  loud.  Although  the  vertical  eye  slit  points  to 
a  nocturnal  life,  the  gecko  may,  under  the  stimulus  of  the  sight  of 
food,  become  active  during  the  daytime  in  its  somber  home  under 
the  apex  of  the  roof  (Plate  3,  fig.  10).  A  house  seems  never  to 
abound  with  this  lizard,  as  it  usually  does  with  members  of 
smaller  species,  which  may  occur  in  dozens  therein.  However, 
when  a  feast  is  in  promise,  such  as  a  substantial  flight  of 
white  ants,  attracted  to  light,  more  geckoes  than  were  thought  to 
exist  there  may  clamber  down  from  the  roof  and  partake  of  the 
repast;  but  it  seems  not  at  ease  on  the  floor  and  is  loath  to 
descend  among  its  smaller  cousins  which  are  boldly  stuffing 
themselves  on  the  fat  insects.  As  regards  prey,  however,  size 
appears  to  be  no  insurmountable  object;  it  becomes  very  eager 
for  the  chase  when  large  sphinx  moths,  in  seeking  security,  or 
even  small  birds  in  searching  for  safety  flutter  about  its  ridge- 
pole habitat.  The  burly,  hard-shelled  coconut  beetle  (Oryctes) 
sometimes  falls  a  victim  to  its  rapacity,  as  testified  by  the  loud 
raps,  when  the  lizard  in  its  endeavor  to  separate  the  wheat  from 
the  chaff  strikes  the  insect  against  the  bamboo  to  free  it  of  its 
indigestible  armor.  The  morning  after  shows  the  thorax  and 
elytra  of  Oryctes  on  the  floor  below.  Much  larger  objects  may 
also  be  attacked,  such  as  small  rats,  and  the  occasional  fall  of  a 
snake  from  the  ceiling  may  be  due  to  its  unsuccessful  seizure  on 
the  part  of  a  gecko. 
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The  eggs  (Plate  8,  fig.  3),  as  I  found  them,  are  laid  in  batches; 
they  are  white,  hard-shelled,  and  somewhat  rough  to  the  touch. 
Normally  they  are  symmetrical  and  about  12  to  13  millimeters 
thick  by  22  to  23  long;  but,  space  not  permitting,  some  may  be 
so  squeezed  against  their  neighbors — they  are  evidently  flexible 
at  extrusion — as  to  yield  to  pressure  and  to  fit  an  end  or  side 
into  some  distorting  notch  or  angle.  Such  little  batches  of 
eggs  were  found  very  firmly  glued  inside  of  a  bamboo  node  in 
an  outhouse  and  also  at  the  base  of  a  palm  petiole.  In 
emerging,  the  young,  banded-tail  gecko  makes  a  rough  hole  in 
the  shell.  Like  its  parent,  it  is  then  quite  ready  to  bite  when 
seized,  and  holds  its  jaws  agape. 

Gekko  porostcs  Taylor  65  occurs  in  the  Batan  Islands,  northern 
Philippines,  where  it  may  inhabit  houses. 

Smaller  species  of  Geckonidse  that  measure  10  to  12.5  cen- 
timeters long  are  the  best  known  of  household  lizards.  In 
British  Guiana  they  go  by  the  name  of  "wood  slaves."  In 
the  Philippines,  Peropus  mutilatus  is  the  common,  fat-tailed 
house  lizard,  with  Hemidactylus  frenatus  also  abundant.  Co- 
symbotes  platyurus  is  likewise  domiciliary,  although  all  three, 
with  probably  other  species  as  well,  are  equally  at  home  in 
hollow  trees,  under  bark,  or  in  rocky  ledges  (Plate  7,  fig.  4,  a 
species  from  Ecuador).  The  tails  of  these  lizards  are  very 
brittle  and  may  snap  off  when  that  member  is  seized,  to  re- 
juvenate, often  in  a  fantastic  manner,  as  two  or  more  tails  in 
place  of  one.  The  lizards  produce  their  calls  mostly  at  sundown 
and  these  are  varied,  whether  according  to  mood  or  to  species 
I  do  not  know;  sometimes  the  sound  suggests  a  tiny  mocking 
laugh,  or  a  noise  made  by  knocking  together  two  little  marbles ; 
again  it  may  simulate  a  half  dozen  sharp  kisses  or,  finally, 
serve  as  a  good  substitute,  on  a  rather  small  scale,  for  the  click- 
ing noise  one  makes  with  the  tongue  and  cheek  when  desirous 
of  urging  old  Dobbin  along.  While  insectivorous,  they  are  in 
some  localities  also  fond  of  sugar,  and  of  nosing  among  flowers, 
and  here  I  have  in  mind  the  "ohia  lehua"  (Metrosideros  poly- 
morpha  Gaudichaud)  of  the  Hawaiian  Islands  that  they  will 
seek  indoors,  probably  for  the  nectar  these  blossoms  secrete. 
In  India  house  lizards  have  also  been  known  to  eat  cooked  rice 
and  biscuit  crumbs.66  They  do  not  always  exhibit  skill  in  catch- 
ing their  prey,  often  pondering  and  pausing  over  an  intended 

65  Philip.  Journ.  Sci.  21    (1922)   187. 
"Journ.   Bombay  Nat.   Hist.   Soc.  27:    408. 
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victim  which  may  thereby  escape;  on  the  other  hand,  a  com- 
bination of  haste  and  inexperience  that  brings  unpleasant  re- 
sults may  be  shown  in  their  dealings  with  stinging  insects, 
as  was  demonstrated  one  night  in  March,  1922,  as  follows:  In 
examining  by  electric  torch  light  a  carton  nest  of  a  small  social 
wasp  (Icaria  cagayanensis)  that  was  built  in  the  loose 
splicing  between  two  posts  of  a  veranda,  I  noticed  one  of 
these  geckoes  making  some  half-hearted  attempts  at  catching 
a  wasp  or  two  that  stood  by  the  doorway  of  the  nest ;  the  wasps 
got  away,  however,  evidently  stinging  or  otherwise  repelling 
the  reptile  which,  thereby  becoming  cautious,  licked  its  chops 
and  carefully  sniffed  (it  seemed)  at  them,  and  no  longer  essayed 
their  capture;  nay,  it  even  backed  away  from  an  advancing 
wasp. 

They  will  seize  large  insects,  or  those  possessing  large  wings, 
and  strike  their  victims  from  side  to  side  against  the  object 
upon  which  they  are  resting,  and  this  explains  the  knocks  of 
a  determined  nature  that  may  be  heard  on  the  walls  of  an 
evening.  The  geckoes  quarrel  considerably  among  themselves 
and  thus  often  fall  together  to  the  floor.  The  pretty  little 
white  eggs  have  brittle  shells  and,  as  observed,  are  not  very 
far  from  being  spherical.  They  are  deposited  often  loosely, 
in  some  suitable  hollow,  as  a  knot  hole  or  crevice,  or  under  a 
piece  of  loose  bark. 

Some  interesting  observations  on  Hemidactylus  flaviviridis 
Riippell,  a  common  Indian  house  lizard,  are  published  by  Baini 
Parshad.67 

VARANID^E 

The  "monitors"  are  generally  large  to  very  large,  elongate 
lizards  that  inhabit  the  Old  World;  Varanus  salvator  Laurente 
(Plate  7,  fig.  5),  which  ranges  from  the  East  Indies  to  Cape 
York,  Australia,  may,  rarely,  attain  an  extreme  length  of  2 
to  2.5  meters.  It  is  a  common  species  in  the  Philippines,  where 
it  often  attracts  unfavorable  notice  by  its  depredations  among 
poultry.  It  is  an  expert  climber,  runner,  and  swimmer,  and 
its  haste  when  on  the  ground  may  be  very  noisy.  While  often- 
times seen  in  the  forest,  the  Philippine  monitor  lizard,  or  6a- 
yawak,  is  quite  at  home  in  more-open  country  and  there,  among 
other  things,  seeks  out  the  chicken  coops  and  garbage  dumps 
as  sources  of  food.     Unlike  the  iguana  of  the  New  World,  it  has 

87  Journ.  Bombay  Nat.  Hist.  Soc.  24:  834r-838,  1  pi. 
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its  rather  snakelike  head  on  a  long  flexible  neck,  and  because 
he  did  not  put  this  anatomical  fact  in  the  foreground,  a  member 
of  the  teaching  staff  at  the  Los  Bafios  College  was  severely- 
bitten  on  the  hand  by  one  of  these  lizards  that  had  designs 
on  his  poultry  and  which  he  had  grasped  too  near  the  shoulders. 
That  the  reptile  runs  many  hazards  during  its  lifetime  seems 
to  be  attested  by  the  frequently  abridged  condition  of  its  tail, 
or  by  some  other  mutilation.  Occasionally  it  will  share  man's 
domicile  with  him,  provided  a  safe  and  secluded  shelter  can 
be  found  in  it;  thus,  for  several  months  a  small  specimen  took 
up  lodgings  in  the  double  wall  in  one  of  the  old  forest-station 
buildings  and  made  considerable  noise  going  to  and  from  its 
quarters.  In  houses  it  has  some  reputation  as  a  rat  catcher. 
The  skink  lizards  (Scincidae)  are  casual  in  houses.  They  are 
sleek,  alert,  and  swift.  Such  lizards  climb  nimbly  and  like 
to  bask  in  the  sun.  We  find  them  on  the  verandas  and  railings, 
and  indoors  on  various  beams  in  the  nipa  houses,  and  seeking 
refuge  within  the  double  walls.  Sphenomorphus  jagori  is  a 
rather  small  brown  skink  with  a  distinct  lateral  stripe  from 
behind  the  eyes.  Dasia  smaragdinum  is  greenish  anteriorly 
above  and  mainly  bronze  on  the  rest  of  the  body.  Both  lizards 
may  occur  in  and  about  houses.  Ants  seem  to  be  one  of  their 
common  foods,  but  I  saw  one  of  these  skinks  in  my  room, 
where  it  was  devouring  the  slender  luminescent  centipede  that 
is  common  indoors;  the  squirming  morsel  gave  some  trouble, 
and  much  scraping  and  shaking  of  it  were  necessary  before  it 
entirely  disappeared. 

BIRDS  IN  HOUSES 

Birds  that  of  their  own  accord  live  in  houses  in  the  Philip- 
pines are  not  many;  the  only  truly  domiciliary  kind  observed 
was  the  common  sparrow  (Passer  montanus  Linnaeus)  some 
of  which  nested  in  the  open  end  of  a  large  bamboo  pole  that 
helped  support  the  steeply  wedge-shaped  ceiling  of  one  of  the 
Mount  Maquiling  nipa  houses.  Of  this  species,  McGregor  says 
in  part : 68 

The  first  land  bird  to  greet  the  visitor  to  Manila  will  doubtless  be  a 
fringillid,  Passer  montanus  (Linnaeus).  This  species  is  a  native  of  Europe 
that  is  now  well  established  in  Manila  and  in  many  of  the  towns  along 
the    railroads    or    that    are    reached    by    water   transportation  .  .  .     This 

68  Philip.  Journ.  Sci.  16    (1920)   364. 


35,1  Williams;  Natural  History  of  a  Nipa  House  m 

sparrow  may  be  seen  in  small  flocks  along  wagon  roads  and  railroads  and 
in  old  fields  at  some  distance  from  houses.  At  first  sight  the  mountain 
sparrow  is  easily  mistaken  for  the  European  house  sparrow,  Passer  do- 
mesticus  (Linnaeus),  but  the  two  species  are  sufficiently  distinct.  The 
former  does  not  seem  to  increase  with  the  rapidity  of  its  less  favorably 
known  cousin  and  is  not  so  great  a  pest. 

Birds  in  captivity  are  more  numerous  and,  apart  from  do- 
mesticated canaries,  we  find  the  punalada,  or  blood-breasted 
pigeon  (Phlegcenas  sp.),  and  the  colasisi  (Loriculus  spp.)  in 
cages.  The  colasisi  is  a  species  of  "bat  parrakeet,"  so  named 
from  its  habit  of  passing  the  night  suspended,  batlike,  from 
some  limb,  using  one  or  both  feet  for  the  purpose.  Once  I 
saw  a  huge  hornbill  tamely  sitting  on  a  window  sill  of  a  nipa 
house  in  Mindanao. 

Among  animals  above  the  floor,  one  may  sometimes  see  a 
monkey  (Pithecus  sp.) ,  a  rather  ill-favored  creature  that  lacks 
much  of  the  brightness  and  manner  of  its  tropical  American 
cousins. 

THE  HOUSE  BATS 

Bats  are  mammals  belonging  to  the  order  Chiroptera  (Greek 
for  hand  wings) ,  and  are  readily  distinguished  by  the  possession 
of  true  wings,  the  fore  limb  being  greatly  lengthened  as  a 
framework  for  the  alar  membrane,  which  also  extends  to  the  hind 
member  and  usually  to  the  tail.  The  thumb  is  free  and  useful 
in  helping  the  animal  to  crawl  about;  the  feet  have  the  full 
number  of  toes  and  are  employed  chiefly  in  suspending  the  body 
for  rest.  While  the  eyes  are  frequently  very  small  and  almost 
buried  in  the  fur,  they  are  efficiently  supplemented  by  whiskers, 
by  acute  and  often  greatly  developed  ears  and  other  facial 
membranes,  and  by  the  sensitive  skin  of  the  wings.  The  char- 
acter of  the  teeth  indicates  the  general  nature  of  the  food  of 
bats,  which  may  thus  be  divided  into  frugivorous  and  insec- 
tivorous species;  in  the  former  the  cheek  teeth  have  smooth 
crowns  and  are  longitudinally  grooved,  while  in  the  latter,  with 
but  few  exceptions,  the  crowns  of  these  teeth  are  surmounted 
by  sharp  cusps  divided  by  transverse  grooves.  However,  many 
of  the  so-called  insectivorous  bats,  including  the  blood-sucking 
vampire  (Desmodus)  of  the  American  Tropics,  have  a  mixed 
diet  and  consume  both  animal  and  plant  food,  while  a  few 
others  (Megaderma)  are  known  to  feed  upon  their  smaller  fel- 
lows and  to  capture  small  fish  and  even  amphibians.  Mega- 
derma lyra,  the  Indian  vampire  bat,  is  said  to  feed  habitually 
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on  birds  and  mice,  chewing  them  up  in  the  corners  of  rooms 
or  verandas.69 

Bats  make  no  nests.  The  female  bears  one  or  more  young 
of  comparatively  large  size,  which  cling  to  her  body  when  she 
is  at  rest  and  usually  in  flight.  Thus  the  weight  she  carries 
is  sometimes  excessive.  Vernon  Bailey 70  points  out  that  the 
weight  of  the  several  young  sometimes  exceeds  that  of  their 
mother. 

The  habits  of  these  animals  are  of  considerable  interest. 
Some  congregate  during  the  day  in  immense  numbers  in  caves, 
buildings,  or  hollow  trees;  some  assemble  in  small  numbers 
and  others  are  solitary.  The  same  roosting  places  may  be 
patronized  for  day  or  weeks,  or  they  are  the  inheritance  of 
generations.  In  countries  with  a  cold  winter  bats  hibernate; 
elsewhere  they  are  usually  active  the  year  round.  In  most 
kinds  the  flight  is  swift  and  graceful,  but  some  of  the  larger 
frugivorous  species  fly  rather  heavily  and  directly,  and  in 
flapping  their  wings  produce  a  noise  comparable  to  the  flexing 
of  a  large  piece  of  coarse  paper.  The  Megachiroptera,  which 
contains  the  single  family  Pteropodidse,  comprises  the  fruit 
eaters  and  includes  the  largest  of  bats,  some  of  the  "flying 
foxes"  (Pteropus)  of  the  Indo-Malayan  region  attaining  a  wing 
expanse  of  1.5  meters  or  more.  Such  bats  roost  during  the 
day  in  immense  numbers  in  undisturbed  regions,  in  mangrove 
swamps,  bamboo  thickets,  or  other,  more  or  less  inaccessible 
places,  and  sally  forth  at  sunset  to  their  feeding  grounds,  often 
many  kilometers  away,  serously  to  depredate  fruit  trees  or 
injure  other  vegetation,  and  return  to  their  "camp"  before 
sunrise.  Wild  figs  constitute  a  favorite  food  of  frugivorous 
bats,  and  in  the  Philippines,  and  probably  elsewhere  as  well, 
the  natives  who  appreciate  the  flying  foxes  as  good  eating 
sometimes  capture  them  as  they  fly  about  the  great  canopies  of 
fig-laden  trees,  by  tearing  their  wings  with  the  long,  slender 
and  cruelly  barbed  flagellse,  or  whip  lashes,  of  the  rattan  palm 
(Calamus).  Vampyrus  spectrum,  a  false  vampire  and  the 
largest  bat  of  the  American  Tropics,  is  perhaps  mainly  a  fruit- 
eating  species,  with  an  ugly  countenance  and  a  wing  expanse 
of  about  75  centimeters. 

There  are  many  smaller  species  of  Megachiroptera,  and  in 
the  Philippines  the  chief  ones,  found  about  Los  Bafios  nipa 

88  See  F.  Gleadow,  Journ.  Bombay  Nat.  Hist.  Soc.  17    (1922). 
'•National  Geographic  Magazine  (September,  1925). 
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houses  at  night,  measured  from  30  to  50  centimeters  in  wing 
expanse  and  belonged  to  the  genus  Cynopterus  (Plate  8,  fig.  2) 
of  the  Pteropodinae.  These  animals,  of  which  there  may  be 
several  species,  have  rather  pleasing  features  for,  while  the 
nostrils  diverge  in  a  bifid  manner,  the  eyes  are  large  and  soft 
and  the  head  is  well  formed.  Cynopterus  was  observed  roosting 
singly  or  in  small  groups ;  one  large  ill-scented  fellow  was  taken 
from  the  hollow  of  a  leaning  tree  well  up  in  the  Mount  Maqui- 
ling  forest,  while  three  others  were  observed  suspended  from 
a  dome-shape  retreat  formed  by  the  underside  of  the  crown  of 
a  small  fig  tree  and  with  the  darkening  aid  of  some  vines.  They 
are  voracious  feeders  and,  while  eating  certain  large  leaves 
and  wild  fruits  that  I  did  not  identify,  the  principal  food,  at 
least  in  the  vicinity  of  the  residences  on  Mount  Maquiling, 
seemed  to  consist  of  the  wild  figs  Ficus  hauili  Blanco  and  Ficus 
nota  (Blanco)  Merrill.  These  two  species  are  small  trees 
abundant  along  the  lower  edges  of  the  forest ;  F.  nota  bears  large 
masses  of  good-sized  fruits  on  the  stem  and  thicker  branches, 
while  in  F.  hauili  they  are  smaller  and  solitary  on  the  branches. 
Both  trees  are  dioecious,  as  in  the  figs  of  commerce,  the  true  seed 
figs  being  borne  on  one  plant  and  the  gall  and  male  ones  on 
another.  While  such  figs  are  quite  insipid  to  us,  Cynopterus 
devours  them  in  large  quantities  and,  as  far  as  my  observations 
go,  always  selects  the  female  or  seed  fruits  for  its  repast.  Sev- 
eral times  these  bats  were  seen  to  flutter  over  the  crown  of  a 
hauili  tree  and,  selecting  a  fig,  seize  and  detach  it  with  some 
effort  and  fly  heavily  away  with  it  to  a  convenient  roost.  Such 
roost  may  be  used  over  and  over  again  and  for  more  than  one 
successive  night,  and  is  commonly  located  by  the  accumulation 
of  seeds  below  and  which  the  animal  passes,  its  digestive  and 
assimilating  processes  being  very  rapid.  Cynopterus  is  not  an 
unfamiliar  bat  in  open  houses  that  adjoin  woods.  The  ceilings 
over  verandas,  or  the  underside  of  the  roof  of  rooms  are  often 
chosen  for  its  dining  place  as  having  the  advantage  perhaps 
of  shelter  from  wind  and  rain.  With  a  weighty  fig  held  in  wide- 
expanding  jaws  it  flies  up  under  the  roof  and,  hooking  on  to  the 
palm  shingling  by  means  of  the  long  strong  thumbs,  suspends 
itself  head  down  and,  employing  one  or  both  hind  feet  and  its 
upturned  head,  readily  manages  to  eat  the  fruit  (Plate  3,  fig.  9). 
It  eats  with  some  deliberation  and  if  disturbed,  as  by  the  light 
of  an  electric  torch,  stretches  out  a  muscular  neck  and  looks 
down  upon  one.  The  bat  cannot  be  considered  a  desirable 
guest,  since  its  meal  is  digested  and  passed  in  situ,  the  creature 
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reversing  itself  for  the  latter  operation.  Evidently  a  consider- 
able quantity  of  such  food  is  required  to  obtain  sufficient 
nourishment.  A  few  of  these  Cynopterus  suspended  from  the 
roof  were  captured  by  means  of  a  long-handled  insect  net.  If 
gently  treated  they  make  docile  captives  and  readily  take  food 
from  the  hand.  When  offered  a  wild  fig  they  seize  it  carefully 
in  their  gaping  jaws  and  slowly  and  gravely  eat  it.  If  dis- 
turbed, or  when  in  pursuit  of  one  another,  they  emit  a  sort 
of  chucking  noise.  The  flight  is  graceful  and  practically  noise- 
less, in  strong  contrast  to  that  of  their  huge  cousins,  the  flying 
foxes   (Pteropus) . 

A  second  and  smaller  species  of  frugivorous  bat,  Carponyc- 
teris  minima?,  was  taken  once  in  the  old  forestry-station  build- 
ing at  Los  Baiios,  and  had  evidently  been  attracted  there  to 
light.  It  measured  24.7  centimeters  in  well-stretched  wing  ex- 
panse. It  is  classified  under  the  subfamily  Carponycterinae 
(or  Macroglossinse),  the  members  of  which,  among  other  char- 
acters, possess  elongate  muzzle,  well-developed  canines,  low 
molar  teeth,  and  an  exceedingly  long  tongue  which  is  provided 
with  recurved  papillae  near  the  tip. 

The  Microchiroptera,  or  "insectivorous  bats,"  are  generally 
more  familiar  to  us  than  are  the  fruit  eaters,  since  they  occur 
abundantly  also  in  temperate  regions,  and  are  the  bats  of  the 
belfry,  of  human  habitations,  of  caves,  etc.  They  often  occur 
in  large  numbers  in  tropical  cities  in  many  parts  of  the  world. 

What  is  without  doubt  a  familiar  sight  to  the  inhabitant  of 
Manila  who  is  not  averse  to  taking  a  stroll  during  the  pleasant 
hour  of  sunset,  when  si*\all  flocks  of  Chinese  starlings,  or 
"martines,"  JEthiopsar  cristatellus  (Linnseus),  and  other  birds 
are  speeding  home  to  roost,  and  the  hundreds,  aye  thousands 
perhaps,  of  bats  that  rise  out  of  the  Walled  City,  or  Intramuros 
district,  and  make  their  way,  at  a  height  of  probably  from 
20  to  100  meters,  over  the  wide  Calle  P.  Burgos  to  their  feed- 
ing grounds.  Within  the  Walled  City  are  massive  old  Spanish 
buildings,  excellent  homes,  in  their  upper  portions,  for  the 
multitude  of  bats  that  inhabit  them  and  the  vast  winged 
hosts  flying  up  in  flocks  indicate  that  certain  buildings  or  groups 
of  them  are  more  favored  than  others  as  roosting  places.  In 
about  a  half  hour  all  are  on  the  wing,  and  of  the  two  sizes  of 
bats  that  may  now  be  readily  distinguished,  the  smaller  and 
far  more  numerous  one  has  generally  disappeared  in  quest  of 
insects,  while  a  larger,  low-flying  species,  and  not  among  the 


35,1 


Williams:  Natural  History  of  a  Nipa  House  H5 


first  to  appear,  is  to  be  seen  flitting  over  the  old  moat  (now 
the  sunken  gardens)  that  circumscribes  the  Walled  City.  At 
the  first  peep  of  dawn  the  bats  seek  their  roosts.  Similar 
flights  of  small  bats  may  be  observed  elsewhere  in  the  Philip- 
pines. Nycticejv^  kuhli  (  ?  ) ,  with  its  unadorned  visage  and 
a  span  of  about  30  centimeters  across  the  wings,  has  taken  to 
living  under  the  corrugated  iron  roofs  of  several  of  the  build- 
ings of  the  College  of  Agriculture  at  Los  Banos.  A  visit  to 
the  dark  and  torrid  attic  of  the  chemistry  building  revealed 
a  squeakily  quarreling  and  sleeping  population  of  dozens  of 
bats,  ensconced  between  the  convex  portion  of  the  corrugations 
and  the  supports,  or  clinging  to  the  large  wooden  beams,  etc. 
The  Rhinolophidse  are  the  horseshoe  and  leaf-nosed  bats. 
Rhinolophus  (Plate  8,  fig.  6),  a  reddish  brown  species  about 
30  centimeters  in  wing  expanse,  is  not  an  infrequent  visitant 
to  nipa  houses  of  Los  Banos,  though  it  probably  sleeps  elsewhere 
than  in  houses.  Its  face,  with  the  great  leaflike  folds  of  skin 
that  surround  the  nostrils  in  the  form  of  a  horseshoe,  is  not 
prepossessing,  particularly  as  it  is  addicted  to  twitching  the  large 
ears  and  rapidly  working  the  mouth,  as  if  to  make  grimaces. 
It  has  the  habit  of  hanging  down  by  its  feet  from  the  bare 
tip  of  some  twig  or  along  a  telephone  wire,  and  pivoting  back 
and  forth  there.  The  same  twig  may  be  used  as  a  perch  for 
some  nights  in  succession  and  probably  serves  as  a  sort  of 
dining  room  for  the  restless  creature.  In  nipa  houses,  Rhino- 
lophus is  occasionally  pendant  from  insulated  telephone  wires 
in  unlighted  rooms  or  verandas,  but  more  commonly  it  hooks 
itself  high  up  under  the  roof  and  there  pivots  and  makes  facial 
contortions.  Sometimes  it  pursues  night-flying  insects  into 
houses,  and  I  recollect  a  screaming  green  Cicada  circling  my 
room,  closely  followed  by  this  eager  bat. 


ILLUSTRATIONS 

Plate  1 

Fig.  1.  Nipa  house  at  Los  Baiios. 

2.  Looking  up  at  the  roof  of  a  nipa  house. 

Plate  2 

Fig.  1.  Amathusia  phidippus  Linnaeus;  chrysalis.     X  1. 

2.  Eumenes  makUingi  sp.  nov.,  female,  type;  head  and  pedicel,  lateral 

aspect. 

3.  Eumenes  makilingi  sp.  nov.,  male,  allotype;  armature  and  tip  of 

antenna. 

4.  Prionocerus  caeruleipennis  Perty.  X  5.7. 

5.  Prionocerus  caeruleipennis  Perty.  x  6.17. 

6.  Prionocerus  caeruleipennis  Perty.  X  6. 

Plate  3 

Fig.  1.  Caddis  fly;   adult  at  rest.     X    0.83. 

2.  Odynerus  xanthozonatus  Ashmead;  young  larva  suspended  in  its 

cell.     Enlarged. 

3.  Amathusia  phidippus  Linnaeus  awaiting  sunset.     X  1. 

4.  Erionota    thrax    Linnaeus,   the   banana    leaf  roller;    pupa,    showing 

emergence  holes  of  Brachymeria  wasps.     X  0.55. 

5.  Firefly  larva  and  its  natural  prey.     X   1.5. 

6.  Eumenes  makilingi  sp.  nov.;  mud  cells.     X   0.62. 

7.  Erionota  thrax  Linnaeus;  retreat  of  large  larva,  or  pupal  chamber 

of  the  banana  leafroller.     Much  reduced. 

8.  Erionota  thrax  Linnaeus,  retreats  of  young  larvae,     x  0.28. 

9.  Cynopterus  sp.,  a  fruit-eating  bat  under  a  nipa  roof,  devouring 

a  fig.     About  X  0.3. 
10.  Gekko  gecko  (Linnaeus),  ruler  of  the  ridgepole.     About  X  0.1. 

Plate  4 

Hersilia  spider  on  its  web  on  a  tree  trunk. 

Plate  5 

Fig.  1.  Microcerotermes  los-banosensis  Oshima,  a  worker  with  a  parasitic 
coleopterous  larva  clinging  to  it.     X   13.1. 
2.  Hospitalitermes    saraiensis    Oshima,    the    day-foraging    termite; 
small  portion  of  a  column  returning  nestward  in  the  early  morn- 
ing.    About   X   2.3. 
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Plate  6 

Fig.  1.  Odynerus  xanthozonatus  Ashmead;   a,  wing  of  female;  6,  sagitta 
of  male  armature  somewhat  flattened. 

2.  Odynerus  longitegulae  sp.  nov.,  female,  type;  wing. 

3.  Odynerus  xanthozonatus  Ashmead;  a,  tip  of  antenna,  male;  b,  teg- 

ula  of  female;  c,  clypeus  of  female. 

4.  Odynerus  longitegulae  sp.  nov.,  type;  female  tegula. 

5.  Rhopalum  domesticum  sp.  nov.,  female. 

6.  Ancistrocerus  domesticus  sp.  nov.,  female;   posterior  face  of  pro- 

podeum. 

7.  Rhopalum  domesticum  sp.  nov.,  female;  venation. 

8.  Crabro  makilingi  sp.  nov.,  female,  paratype;  a,  clypeus;  6,  palpi. 

Plate  7 

Fig.  1.  Myrmeleon  celebensis  McLachlan,  an  ant  lion;  pits  under  a  nipa 
house. 

2.  Nephila  spider  on  web. 

3.  Polypedates  leucomystax  Gravenhorst,  banana  frog;   egg  masses. 

4.  Small  house  lizard,  from  Ecuador. 

5.  Monitor,  or  bayawak. 

Plate  8 
Fig.  1.  Gekko. 

2.  Cynopterus,  a  frugivorous  bat. 

3.  Gekko,  eggs  and  young. 

4.  Polypedates  leucomystax  Gravenhorst,  banana  frog. 

5.  Heteropoda  regia  Fabricius,  with  egg  cocoon.     Hawaiian  specimen. 

6.  Rhinolophus,  an  insectivorous  bat. 


Williams:  Natural  History  of  a  Nipa  House.] 


[Philip.  Journ.  Sci.,  35,  No.  1. 


PLATE  1. 


Williams:  Natural  History  of  a  Nipa  House.] 


[Philip.  Journ.  Sci.,  35,  No.  1 


yc<- 


PLATE  2. 


Williams:  Natural  History  of  a  Nipa  House.] 


[Philip.  Journ.  Sci.,  35,  No.  1. 


PLATE  3. 


Williams:  Natural  History  of  a  Nipa  House.]  [Philip.  Journ.  Sci.,  35,  No.  1. 


PLATE  4. 


Williams:  Natural  History  of  a  Nipa  House.] 


[Philip.   Journ.  Sci.,   35,  No.  1. 


PLATE  5. 


Williams  :  Natural  History  of  a  Nipa  House.]  [Philip.  Journ.  Sci.,  85,  No.  1. 


PLATE  6. 


Williams:  Natural  History  of  a  Nipa  House.]  [Philtp.  Journ.  Sci.,  35,  No.  1. 


PLATE  7. 


Williams:  Natural  History  of  a  Nipa  House.] 


[Philip.  Journ.  Sci.,  35,  No.  1. 


PLATE  g. 


The  Philippine 
Journal  of  Science 

Vol.  35  FEBRUARY,  1928  No.  2 
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By  Leopoldo  A.  Faustino 

Assistant  Chief,  Division  of  Geology  and  Mines,  Bureau  of  Science, 

Manila 

It  will  be  remembered  that  one  of  the  results  of  the  First 
Pan-Pacific  Scientific  Conference,  held  at  Honolulu  in  1920,  was 
the  formulation  of  the  basis  of  correlation  of  the  post-Creta- 
ceous formations  of  the  Pacific  region.  It  was  formulated 
that—1 

As  the  margins  of  the  Pacific  and  the  islands  within  its  confines  are 
remote  from  Europe,  direct  tracing  is  out  of  the  question,  but  two  pos- 
sibilities are  present.  One  is  to  correlate  with  Asia  and  work  westward 
across  it  to  Europe;  the  other  is  to  correlate  with  America  and  through 
it  to  correlate  with  Europe. 

The  purpose  of  the  present  paper  is  to  present  a  tentative 
correlation  of  the  older  Tertiary  formations  of  the  Philippines 
with  standards  already  established  in  Europe,  Asia,  and  Amer- 
ica— not  so  much  to  establish  definitely  the  assignment  of  these 
horizons  to  subdivisions  of  the  Tertiary  as  to  call  attention 
to  the  fact  that  the  previous  assignment  of  the  Batan,  the 
Binangonan,  and  the  Vigo  formations  to  Miocene  is  not  sup- 
ported by  palseontological  evidence.     In  this  attempt  at  tenta- 

1  Vaughan,  T.  W.,  The  basis  of  the  correlation  of  post-Cretaceous  for- 
mations of  the  Pacific  region,  Proc.  First  Pan-Pacific  Scientific  Conference, 
Honolulu  (1921)  867. 
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tive  correlation  several  things  are  borne  in  mind;  namely, 2  (1) 
"in  similar  Neogene  sediments  of  Europe  and  the  Indies  the 
deposits  in  the  latter  region  must  contain  a  higher  percentage 
of  living  species  than  the  former ;"  (2)  tracing  from  Europe  to 
southeastern  Asia  is  possible  only  for  early  Eocene;  and  (3)  the 
presence  of  similar  organisms  in  post-Eocene  formations  of  the 
East  Indies  and  Europe  is  due  to  migration  across  Central  Amer- 
ica from  the  Atlantic  to  the  Pacific,  or  vice-versa,  during  middle 
and  later  Eocene  time,  middle  and  later  Oligocene  time,  and 
oldest  Miocene  time. 

In  the  Philippines  the  lowest  horizon  of  the  Tertiary,  the 
Eocene,  is  recognized,  although  it  must  be  said  that  beds  of 
Eocene  age  are  known  only  at  very  few  localities.  At  least  a 
portion  of  the  Philippines  was  land  mass  during  Eocene  time, 
but  the  fossil  terrestrial  fauna  and  flora  are  at  present  very 
imperfectly  known. 

The  best  known  and  the  most  widespread  of  the  older  Ter- 
tiary formations  of  the  Philippines  is  a  series  consisting  of 
shales  and  grit  with  coal,  shales  and  sandstones  with  oil  seeps, 
and  limestones  with  large-sized  Lepidocyclina.  Three  quite  dis- 
tinct formations  make  up  this  series;  namely,  the  Batan,  the 
Binangonan,  and  the  Vigo.  The  Batan  formation,  first  named 
by  Smith3  in  1913,  consists  of  alternating  gray  shales,  grits, 
sandstone,  and  coal  seams,  and  has  a  thickness  in  some  places 
of  several  hundred  meters.  The  Binangonan  formation  is  yel- 
low to  white  or  bluish  gray  limestone,  massive  or  heavily  bedded, 
containing  large-sized  Foraminifera,  the  forms  measuring  2 
centimeters  or  more  in  diameter.  This  formation  was  also  first 
named  by  Smith  4  although  in  a  later  publication  5  he  changed 
the  name  to  Cebu  li  restone.  The  Vigo  formation  consists  of 
alternating  beds  of  bluish  gray,  gi~y,  or  black  shales  and  yel- 
low and  brown  sandstones,  sometimes  massive  or  imperfectly 
bedded.  According  to  Dickerson,6  the  limestone  containing 
the  large-sized  Lepidocyclina  is  equivalent  to  the  shales  and  sand- 
stones of  the  Vigo  formation  and  "the  limestones,  shales,  sand- 

2  Martin,  K.,  The  age  of  the  Tertiary  sediments  of  Java,  Proc.  First 
Pan-Pacific   Scientific  Conference,  Honolulu    (1921)    763. 

8  Philip.  Journ.  Sci.  §  A  8   (1913)   242. 

4  Loc.  cit. 

B  Geology  and  Mineral  Resources  of  the  Philippine  Islands,  Bur.  Sci. 
Pub.  19    (1924)   78. 

•Philip.  Journ.  Sci.  20    (1922)   209. 
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stones,  and  coal  are  different  depositional  facies  within  the  same 
group." 

The  stratigraphy  of  the  coal-bearing  formation  has  been  the 
subject  of  investigation  by  a  number  of  workers.  Becker  and 
Abella,  among  others,  regarded  it  as  Eocene,  while  Smith  and 
Dickerson  assigned  it  to  the  Miocene.  On  the  basis  of  Forami- 
nifera,  Douville  referred  the  lignitic  horizon  to  the  Oligo- 
cene.  In  places,  notably  in  Cebu,  the  Vigo  shales  lie  above  the 
coal  measures.  In  other  places  the  Binangonan  limestone  lies 
in  patches  over  the  coal  measures. 

The  f oraminif eral  fauna  of  the  Binangonan  limestone  has  also 
been  the  subject  of  a  number  of  investigations.  The  findings 
of  Douville  7  and  of  Yabe  8  give  the  genus  Lepidocyclina  as  the 
most  characteristic  fossil.  Douville  correlates  the  middle  lime- 
stone with  large  Lepidocyclina  with  the  Aquitanian,  and  the 
lignitic  horizon  and  lower  limestone  with  the  Stampian,  which 
represents  Oligocene.  Douville's  determinations  were  based  on 
a  sample  of  bluish  gray  limestone  (upon  which  the  foraminifers 
stood  out  in  black)  from  Batan  Island,  one  of  the  Philippine 
coal  fields.  He  found  it  to  contain  Nummulites  subniasi  and  a 
curious  Lepidocyclina  belonging  in  the  section  of  Nephrolepidina, 
L.  smithi.  The  coexistence  of  Nummulites  and  Lepidocyclina  is 
regarded  by  him  as  characteristic  of  the  Stampian,  Oligocene. 
This  limestone  is  a  part  of  the  lignitic  horizon  and  is  found 
intercalated  between  beds  of  lignite.  The  following  table  sum- 
marizes the  conclusions  of  Douville: 


Philippines. 

Borneo. 

II.  - 

Upper  limestones  with  small  lepi- 

.  Lepidocyclina  verbeeki 

jMiogypsina   

VH.  Burdigalian. 

F.  VAquitanian. 
}B.J 

VD.  Stampian. 

\Cycloclypeus  communis 

t  Cycloclypeu8  communis 

f  Uperculina  complanata 

i  Lepidocyclina  insulaenatalis . - 

J  Lepidocyclina  richlhofeni 

1  Lepidocyclina  formosa 

[Nummulites  subniasi 

J  A mphistegina  niasi. 

Lower  limestones  with  large    lepi- 

I. 

Lignitic  horizon  and    lower  lime- 

1  Lepidocyclina  smithi 

TLes  foraminifers  dans  le  Tertiaire  des  Philippines,  Philip.  Journ.  Sci. 
§  D  6   (1911)   53-80,  4  pis. 

8  Notes  on  a  Lepidocyclina  limestone  from  Abu,  Science  Reports,  Tohoku 
Imp.  Univ.  5   (1919). 
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The  work  of  Cushman  9  in  the  American  Caribbean  region  on 
fossil  Foraminifera  gives  the  range  of  the  genus  Lepidocyclina 
as  upper  Eocene  to  Oligocene.  Vrendenburg's  10  studies  on  the 
distribution  of  the  genus  Lepidocyclina  in  the  nummulitic  series 
of  India  showed  that  Lepidocyclina  occurs  from  the  very  base 
of  the  Oligocene  as  far  as  the  series  are  developed.  Yabe,11 
analyzing  the  results  of  Rutten's  studies  of  foraminiferal  rocks 
from  southern  and  eastern  parts  of  Borneo,  says  in  part: 

Thus  the  oldest  Miocene  and  Oligocene  deposits,  according  to  Rutten, 
are  characterized  by  Lepidocyclinas  of  larger  and  smaller  sizes,  while  the 
smaller  ones  alone  are  found  together  with  Miogypsma  in  all  parts  of 
Miocene  deposits  except  the  lowest  division. 

It  is  thus  seen  that,  while  in  the  American  Caribbean  region 
Lepidocyclina  is  characteristic  of  upper  Eocene  and  Oligocene, 
in  India  and  in  the  islands  of  the  East  Indies  it  starts  from 
the  base  of  the  Oligocene  and  ranges  through  the  Miocene.  The 
presence  of  Lepidocyclina  in  foraminiferal  rocks  in  the  Philip- 
pines can  then  be  regarded  as  indicating  at  least  Oligocene  age. 

Mr.  Dale  D.  Sparks,  at  present  palaeontologist  for  Cia.  Em- 
mex  de  Petroleo  y  Gas,  South  America,  while  working  on  orbi- 
toid  Foraminifera  at  Leland  Stanford  Junior  University,  Califor- 
nia, examined  sections  of  Philippine  Lepidocyclina  limestone 
from  Montalban  Gorge,  near  Manila,  Rizal  Province,  and  iden- 
tified, besides  the  species  recognized  by  Douville  and  by  Yabe, 
Lepidocyclina  canellei  Lemoine  and  R.  Douville.  This  species 
is  identified  by  comparison  with  the  figures  and  descriptions  of 
Cushman.12 

Lepidocyclina  canellei  Lemoine  and  R.  Douville  has  been  col- 
lected from  the  Antigua  formation  (Oligocene)  of  the  Island 
of  Antigua  in  the  West  Indies,  from  the  Culebra  formation 
(Oligocene)  of  the  Canal  Zone  (both  type  localities  of  sub- 
divisions of  the  Tertiary  system  in  the  West  Indies  and  Central 
America),  and  from  the  Oligocene  of  Trinidad. 

The  most  characteristic  molluscan  fossil  of  the  coal  measures 
is  Vicarya  callosa  Jenkins.  This  species  has  never  been  found 
in  beds  overlying  the  series,  and  is  moderately  common  through- 

9  The  American  species  of  Orthophragmina  and  Lepidocyclina,  Prof. 
Paper  125-D,  U.  S.  Geol.  Surv.    (1920). 

10Rec.  Geol.  Surv.  of  India  35  1  (1907)  63. 

"Notes  on  a  Carpenteria  limestone  from  British  North  Borneo,  Science 
Reports,  Tohoku  Imp.  Univ.  II  52   (1919)   1. 

12  The  American  species  of  Orthophragmina  and  Lepidocyclina,  Prof. 
Paper  125-D,  U.  S.  Geol.  Surv.    (1920). 
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out  the  Philippines.  It  was  first  reported  by  Martin,13  and 
has  been  considered  by  him  and  others  as  a  good  guide  to  the 
tropical  Miocene.  It  will  be  noted  that  there  are  only  two 
species  of  Vicarya;  one  is  V.  verneuili  d'Arch.  and  the  other  is 
V.  callosa  Jenkins.  Martin  14  noted  that  it  will  be  difficult  to 
separate  the  two  species  as  long  as  V.  verneuili  is  represented 
by  such  poor  material,  and  he  expresses  the  opinion  that  prob- 
ably the  two  forms  belong  to  one  very  variable  species.  Regard- 
ing the  range  of  the  genus,  Martin  15  has  the  following  to  say  : 

For  V.  callosa  Jenk.  has  hitherto  been  found  only  in  the  upper  Miocene 
of  Java,  and  V,  verneuili  d'Arch.  occurs  only  in  the  Gaj  series  of  western 
India,  which  also  belongs  to  the  Miocene. 

In  this  connection  it  is  interesting  to  note  the  conclusions  of 
Vrendenburg 16  in  his  analysis  of  the  Singu  fauna,  in  which 
he  expresses  the  opinion  that  the  Singu  beds  are  Oligocene.  Vi- 
carya verneuili  occurs  in  bed  P  at  the  upper  limit  of  the  older 
subdivision,  which  is  characterized  by  the  typically  Oligocene 
fossil  Turritella  magnasperula. 

Another  molluscan  criterion  for  referring  the  lignitic  horizon 
to  Oligocene  is  provided  by  the  finding  by  Smith 17  in  the  lower 
limestone  on  Batan  Island  of  Ampullinopsis.  Dr.  W.  H.  Dall,  of 
the  Smithsonian  Institution,  is  authority  for  the  statement  that 
the  presence  of  Ampullinopsis  is  an  indication  of  Oligocene 
age.  Regarding  the  Batan  beds,  the  following  statement  by 
Reinhott 1S  is  of  particular  interest : 

The  sedimentary  series  belong  unquestionably  to  the  Tertiary  period. 
Professor  Mayer  of  Zurich  and  Doctor  Dall  of  our  Smithsonian  Institute 
agree,  from  the  examination  of  fossils  collected  and  personally  submitted 
by  me,  that  the  upper  limestone  should  be  referred  to  the  Oligocene  epoch. 

It  has  been  claimed  by  Dickerson  19  that  75  per  cent  of  the 
specifically  determined  forms  from  the  Vigo  are  referable  to 
living  species.  It  is  difficult  to  subscribe  to  this  assertion,  be- 
cause Dickerson  presented  only  a  list  of  species  the  determin- 
ation of  which  cannot  be  checked  and,  judging  from  the  few 

13  Sammlungen  des  geologischen  Reichsmuseums,  Leiden  5   (1896)  53-69. 

14  Sammlungen  des  geologischen  Reichsmuseums  Leiden,  Heft  III  Neue 
Folge,  2   (April,  1917). 

15Loc.  cit. 

16Rec.  Geol.  Surv.  of  India  53  4   (1921). 

17  Contributions  to  the  stratigraphy  and  fossil  invertebrate  fauna  of  the 
Philippine  Islands,  Philip.  Journ.  Sci.  §  A  8   (1913)   240. 
18Eng.  Mag.   (1906)    30,  510. 
19  Review  of  Philippine  paleontology,  Philip.  Journ.  Sci.  20   (1922)    203. 
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figures  he  presented,  several  of  his  determinations  are  not  pre- 
cise. It  is  admitted  that  a  large  percentage  of  the  fossils 
present  in  the  Vigo  formation  are  still  living  in  Philippine 
waters,  but  it  is  seriously  questioned  whether  the  percentage 
is  as  high  as  75  per  cent. 

There  is  wide  disagreement  between  Doctor  Dickerson  and 
myself  as  regards  systematic  classification.  Doctor  Dickerson's 
specimens  are  not  in  the  Bureau  of  Science  palaeontological  col- 
lection ;  they  were  collected  while  he  was  chief  geologist  for  the 
Richmond  Petroleum  Company  and  were  taken  away  upon  com- 
pletion of  its  work  in  the  Philippines.  I  am  hoping  that  some 
colleague  will  have  a  chance  to  reexamine  the  material  in  order 
that  the  percentage  of  species  common  to  the  beds  may  be  com- 
pared with  some  accuracy.  My  identifications  of  his  species 
were  made  by  examination  of  the  figures  he  presented.  The 
plates  discussed  below,  which  accompany  his  paper  just  cited  19 
will  serve  to  illustrate  wherein  we  differ: 

Plate  2,  fig.  22,  Epitonium  sp.  This  is  not  an  Epitonium,  as  it  has  no 
ribs  and  the  aperture  is  not  round.     It  is  probably  a  Pyramidella. 

Plate  3,  figs.  14a,  146,  Nassa  crenulata  Bruguiere.  Nassa  crenulata 
Bruguiere  is  the  same  as  Nassa  arcularia  Linne  and  has  a  flaring  lip.  The 
shell  figured  is  probably  Nassa  crenata  Hinds  or  its  variety  margaritifera 
Dunker. 

Plate  4,  fig.  9,  Oliva  cf.  utriculus  Gmelin.  Oliva  utriculus  Gmelin  is  the 
same  as  Oliva  gibbosa  Born  and  has  a  callous  columella.  The  shell  figured 
looks   more   like  Oliva  acuminata   Lamarck   or   Oliva  nebulosa   Lamarck. 

Plate  7,  fig.  4,  Spisula  sp.  This  is  not  a  Spisula,  as  this  genus  has 
concentric  ribbing  only,  never  cross-hatching  or  basket  work,  as  shown 
in  the  figure. 

Plate  12,  figs.  6a,  66,  Flabellum  cf.  australe  Moseley.  This  is  very 
different  from  Flabellum  australe,  which  is  a  large,  dense,  heavy  shell, 
with  no  pronounced  costal  markings. 

Plate  12,  fig.  7,  Leptoria  sp.  This  is  probably  a  species  of  Maeandra. 
Leptoria  has  long  valleys  and  a  lamellar  columella. 

Plate  13,  figs.  3a,  36,  Clypeaster  sp.  This  is  not  a  Clypeaster,;  it  is  a 
Peronella. 

It  would  seem  there  is  sufficient  ground  for  questioning  the 
correctness  of  Dickerson's  determinations  and,  until  more  re- 
liable work  has  been  done  on  the  determination  of  the  fossil 
species,  the  percentage  of  the  living  species  in  the  Vigo  beds 
cannot  be  estimated. 

In  addition  to  the  foregoing  palaeontologic  evidence,  the  fol- 
lowing notes  by  Dr.  Bailey  Willis,  of  Leland  Stanford  Junior 
University,  who  spent  about  two  months  in  the  Philippines  and 
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visited  Luzon,  Cebu,  and  Mindanao,  are  of  great  interest,  as  they 
represent  the  physiographic  side  of  the  matter.  Doctor  Willis 
says: 

Judging  by  the  physiographic  maturity  of  the  plateau  of  northern 
Luzon  and  the  Diuata  range  of  Mindanao,  the  uplifts  have  been  exposed 
to  subaerial  erosion  since  early  Miocene  time.  If  this  be  so  the  limestone 
[Binangonan]20  involved  in  the  structure  of  these  masses  must  be  pre- 
Miocene  and  probably  Oligocene. 

The  correlation  of  the  later  Miocene  and  younger  deposits 
must  in  a  large  measure  be  made  by  interpolation,  based  upon 
the  degree  of  faunal  similarity  or  dissimilarity  between  the 
Oligocene  faunas  on  the  one  hand  and  the  Pleistocene  and  Re- 
cent marine  faunas  on  the  other.  Thorough  familiarity  with 
the  Recent  fauna  is  thus  seen  to  be  absolutely  necessary,  and 
students  of  Philippine  stratigraphy,  palaeontology,  and  geolog- 
ic history  must  begin  with  the  study  of  the  existing  marine 
fauna  in  and  about  the  Archipelago.  In  this  connection  atten- 
tion is  directed  to  Cushman's  Foraminif  era  of  the  Philippine  and 
Adjacent  Seas,  Bartsch's  studies  on  Philippine  land  Mollusca, 
and  two  recent  publications  of  mine,  Recent  Madreporaria  of  the 
Philippine  Islands  and  Summary  of  Philippine  Marine  and 
Fresh-water  Mollusks,  as  aids  to  Philippine  palseontologic  re- 
search. 

In  conclusion,  while  I  am  of  the  opinion  that  the  Batan,  the 
Binangonan,  and  the  Vigo  formations  should  be  referred  to  the 
Oligocene  age,  it  should  be  stated  that  Philippine  stratigraphy 
must  be  worked  out  in  detail  first  and  assignment  to  established 
standards  made  later.  It  is  desired  to  call  attention  to  the  fact 
that  reference  of  Philippine  formations  to  divisions  of  the  Ter- 
tiary are  based  on  fragmentary  evidence  and  must  not  be  taken 
too  seriously.  While  it  is  convenient  to  use  the  international 
names  of  the  subdivisions  of  the  Tertiary,  the  use  of  Philippine 
formational  names  to  indicate  horizons  is  much  to  be  preferred. 
The  definite  assignment  of  the  Vigo  to  the  Miocene  is  premature 
and,  as  has  been  shown,  not  in  accordance  with  palaeontologic  and 
physiographic  evidence.  The  use,  therefore,  of  Vigo-Miocene 
should  be  discontinued.  When  the  stratigraphy  of  the  Philippine 
Islands  has  been  worked  out  in  detail  and  the  sequence  of  the 
different  strata  is  known  with  more  or  less  definiteness,  then 
assignment  of  the  different  formations  to  subdivisions  of  the  Ter- 
tiary will  be  in  order. 

20  Italics  are  mine. — L.  A.  F. 


NOTE  ON  LOCAL  TERMINOLOGY  OF  CERTAIN 
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By  Otto  Schobl 
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Manila 

Considerable  misunderstanding  and  confusion  have  arisen 
from  the  use  in  the  literature  of  local  popular  names  in  the 
designation  of  the  clinical  manifestations  of  yaws.  The  polyglot 
nature  of  the  literature  concerning  yaws  has  further  contributed 
to  this  confusion.  Unfortunately,  the  practice  of  using  local 
colloquial  terms  becomes  almost  indispensable  after  long  residence 
in  any  particular  tropical  country.  Throughout  what  may  be 
styled  the  Latin  Tropics,  the  popular  Spanish  nomenclature  of 
yaws  manifestations  is  generally  understood,  whatever  the  names 
of  the  same  affliction  may  be  in  the  native  dialects.  This,  how- 
ever, appears  not  always  to  be  the  case  with  frambcesiologists 
who  have  worked  among  other  than  Spanish-speaking  people, 
owing  to  the  similarity  of  some  Spanish  words  to  Latin  words 
and  to  the  fact  that,  having  preserved  a  great  similarity  to 
Latin,  these  Spanish  words  have  acquired  a  new  shade  of 
meaning.  As  an  instance  of  such  misunderstanding  arising 
from  the  use  of  local  names  we  may  cite  the  review  of  our 
paper  in  a  recent  publication.1  There  the  reviewer  takes  excep- 
tion to  our  stament  concerning  the  word  "clavos." 

For  the  information  of  the  reader  who  may  not  be  familiar 
with  the  popular  medical  terminology  used  in  the  Latin  Tropics, 
the  following  explanation  is  presented. 

In  the  minds  of  patients  and  other  laymen  the  word  clavos 
(plural  of  clavo)  connotes  any  form  of  yaws,  of  long  duration , 
that  is  located  on  the  palms  of  the  hands  or,  more  frequently, 
on  the  soles  of  the  feet  and  inconveniences  the  patient  in  walk- 
ing or  in  performing  manual  work.  At  least  four  forms  of 
yaws  manifestations  may  be  distinguished.  Without  diagnostic 
differentiation,  all  of  them  are  popularly  called  "clavos." 

1  Trop.  Diseases  Bull.  24   (1927)  300,  301. 
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First,  a  persistent  primary  lesion,  located  most  frequently 
around  the  ankles,  that  has  developed  an  ulcerative  form  and 
gradually  has  extended  to  the  dorsoplantar  margin  of  the  foot. 

Second,  a  metastatic  yaw  located  on  or  about  the  dorsoplantar 
margin  or  the  sole  of  the  foot. 

Third,  a  typical,  persistent  late  lesion  termed  "keratodermia" 
by  Castellani  and  by  others,  as  Gutierrez  included  it  under  the 
term  keratosis. 

Fourth,  psoriasis  palmaris  or  plantaris  framboesica. 

The  palm  lesions  described  and  illustrated  in  our  paper2 
were  metastatic,  inflammatory,  exudative  efflorescences.  They 
started  as  distinct,  slightly  elevated,  reddish  macules  with  sub- 
sequent central  circular  exfoliation  of  the  white,  thin  epidermis. 
This  exfoliation  advanced  toward  the  periphery  of  the  lesion 
much  faster  than  the  spreading  of  the  elevated  macule  pro- 
gressed. The  defects  thus  produced  appeared  reddish  and  fairly 
dry.  There  was  no  crust  formation  or  oozing.  These  were  early 
acute,  metastatic  efflorescences  that  occurred  simultaneously 
with  the  cropping  out  of  typical  yaws  on  the  other  parts  of  the 
body.  On  the  palms  they  occurred  in  successive  crops,  and  new 
ones  developed  while  the  old  ones  were  fading  away.  Sometimes 
they  became  confluent,  producing  maplike  exfoliated  lesions. 
At  other  times  they  would  disappear  before  the  exfoliation  set 
in.  No  keratosis,  either  of  the  primary  efflorescence  or  of  the 
skin  surrounding  the  lesions,  was  observed  at  first. 

Contrary  to  the  belief  expressed  by  H.  S.  Stanus,  we  distin- 
guish the  lesion  on  the  palms  as  described  in  our  publication  3 
from  the  commoner  lesion  called  "keratodermia"  by  Castellani 
and  Chalmers.  We  consider  the  lesion  we  described  to  be  an 
early,  metastatic,  evanescent  frambceside  that  appears,  first, 
as  a  flat,  elevated,  reddish  macule,  subsequently  undergoing 
exfoliation.  In  the  lesion  termed  keratodermia  by  Castellani 
and  Chalmers  the  inflammatory  reaction  is  pushed  into  the  back- 
ground, and  the  lesion,  from  the  start,  appears  as  a  slow,  diffuse, 
and  extensive  keratosis  of  the  sole.  The  last-named  lesion  is 
a  late  manifestation  of  yaws  and  is  persistent. 

Any  of  these  four  lesions  having  reached  the  thick  skin  of  the 
margin  or  the  pads  of  the  sole  will  produce  its  further  and  painful 
thickening.     They  are  then  promiscuously  called  "clavos."     The 

2  Schobl,  Otto,  A.  W.  Sellards,  and  G.  R.  Lacy,  Some  protean  manifesta- 
tions of  the  skin  lesions  of  yaws,  Philip.  Journ.  Sci.  30    (1926)   475-481. 
*Loc.  cit. 
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Spanish  word  clavos  means  iron  spikes  or  nails  (not  finger  nails 
or  toe  nails) .  It  is  not  identical  with  the  dermatological  term 
clavus.  The  Spanish  name  for  corn  (clavus)  is  ojo  de  gallo 
(chicken-eye) ;  that  of  callus  is  callos.  Consequently,  the  term 
clavos  does  not  exclusively  mean  such  extensive  and  diffuse  thick- 
ening of  the  epidermis  of  the  soles  or  palms  as  one  finds  in 
keratoderma. 

Aside  from  the  last-mentioned  condition  (keratoderma  plan- 
tare)  we  include  under  the  name  clavos  the  metastatic  yaw 
located  on  the  sole  of  the  foot  or  palm  of  the  hand. 

The  early  and  evanescent  metastatic  frambceside  on  the  palm 
of  the  hand,  as  described  in  our  paper,4  and  the  keratosis  of  the 
skin  surrounding  these  lesions  is  a  combination  of  the  two 
processes.  In  this  stage  the  lesion  is  indistinguishable  from 
the  so-called  psoriasis  palmaris  syphilitica,  otherwise  syphilo- 
derma  manus.  Any  form  of  yaws  manifestation  located  on  the 
sole  of  the  foot  or  on  the  palm  of  the  hand  will  sooner  or  later 
show  more  or  less  pronounced  keratosis,  but  the  three  forms  of 
generalized  yaws  above  mentioned  must  be  considered  as  mor- 
phologically distinct. 

The  grounds  on  which  this  differentiation  is  based  are  the 
following : 

1.   MORPHOLOGIC  DIFFERENCES  OF  THE  PRIMARY   EFFLORESCENCES 

One  form  starts  as  a  macule,  which  changes  into  a  flat  papule 
with  subsequent  exfoliation  of  the  epidermis  within  the  area 
covered  by  the  lesion.  Some  of  these  frambcesides  disappear 
before  exfoliation  sets  in,  while  others  are  superseded  by  a 
diffuse  hyperkeratosis  of  the  skin  surrounding  the  frambcesides. 

Another  type  of  lesion  commences  as  a  metastatic  yaw  mod- 
ified by  the  thickness  of  the  skin  of  the  sole  or  the  palm,  as  the 
case  may  be.  Subsequently,  the  keratotic  process  surrounding 
the  yaw  extends  farther  over  the  hitherto  unaffected  skin. 

The  third  type  of  lesion  is  a  diffuse  hyperkeratosis  from  the 
very  beginning.  Exfoliation  of  the  superficial  layers  of  the  ex- 
cessively thickened  epidermis  produces  either  large,  maplike, 
superficial  defects  with  cribrated  basis,  or  the  effect  known  in 
the  literature  as  "moth-eaten  feet."  In  other  instances  there 
develops  a  lesion  described  in  the  literature  as  keratoderma 
sulcatum. 

4Loc.  cit. 
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2.   DIFFERENCES    IN    PATHOGENY 

The  other  reason  why  the  three  manifestations  of  generalized 
yaws  on  the  palms  and  soles  should  be  considered  as  distinct 
forms  is  their  different  pathogeny.  The  first-mentioned  two 
forms  are  metastatic  lesions;  one  commencing  as  a  metastatic 
yaw,  the  other  as  an  early  metastatic  framboeside.  This  path- 
ogeny is  suggested  by  their  coincidence  with  metastatic  yaws 
manifestation  on  other  parts  of  the  body.  The  third  form 
occurs  as  often  in  cases  that  never  have  exhibited  a  so-called 
"secondary  stage"  as  it  does  in  those  that  have  exhibited  that 
stage. 

The  correctness  of  this  conclusion,  drawn  from  clinical  ob- 
servation, has  been  fully  confirmed  by  experimental  evidence, 
which  will  be  published  in  an  early  number  of  the  Philippine 
Journal  of  Science.  While  the  macular  exfoliative  process  de- 
scribed by  us  was  observed  exclusively  in  experimental  animals 
showing  generalized  yaws,  the  third  form  (keratoderma  plan- 
tare)  was  observed  to  be  particularly  pronounced  in  those  animals 
that  showed  late  so-called  tertiary  lesions  (gangosa)  without 
"secondaries." 

Taking  up  the  remark  of  the  reviewer  5  as  to  one  of  the  lesions 
described  by  Gutierrez  and  quoted  by  us  as  likely  to  be  identical 
with  our  experimental  lesion  that  we  designated  keratoid  fram- 
boeside, we  disagree  with  the  opinion  expressed  by  him  that 
one  of  the  lesions  is  "melung."  The  name  "melung"  is  a  local 
name  used  by  a  tribe  of  Negroes  in  Africa.  The  spelling  of  this 
word  was  coined  by  Ziemann  6  in  such  a  way  as  to  enable  a 
German  not  an  English-speaking  person  to  approximate,  phonet- 
ically, the  pronunciation  of  the  native  word.  In  order  to  show 
the  grounds  on  which  we  claim  that  the  lesion  described  by  us 
and  that  previously  described  by  Gutierrez  are  identical  and 
quite  different  from  "melung"  we  must  refer  to  the  original 
article  of  Ziemann  for  the  definition  of  the  lesion.  Translating 
freely,  we  find  it  described  as  a  slowly  progressing  depigmen- 
tation of  the  skin  and  the  hair.  It  is  symmetric,  appearing  in 
blotches  which  become  at  times  confluent,  but  always  intersected 
by  normal  pigmented  skin.     The   thickness   of  the  epidermis 

5Trop.  Diseases  Bull.  24   (1927)  300,  301. 

6Ueber  "Melung"  (Beta  bei  den  Duala-Negern),  eine  eigenartige  Haut- 
krankheit  der  Neger  in  West-Africa,  von  Dr.  Hans  Ziemann,  Marineober- 
stabsarzt  und  Regierungsarzt,  Archiv  fur  Derm,  und  Syph.  74  (1905)  163. 
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is  reduced.  The  surface  is  very  smooth  and  the  margins  of 
the  depigmented  lesions  are  sharp  and  show  no  sign  of  inflam- 
mation. The  entire  depigmented  lesion  is  not  raised  above  the 
level  of  the  surrounding  normal  skin.  It  is  called  by  Ziemann 
"partial  vitiligo"  or  "leucoderma." 

It  is  distributed  over  the  palms  and  dorsa  of  the  hands  and 
on  the  soles  and  dorsa  of  the  feet,  but  never  extends  above  the 
distal  third  of  the  leg  or  forearm. 

The  lesion  experimentally  produced  by  us  took  the  form  of  a 
crop  of  macular  circinated  depigmented  lesions  that  included 
the  hair.  It  was  raised  above  the  level  of  the  surrounding 
skin  and  consisted  of  elevated  papules.  The  lesion,  therefore, 
was  rough  on  palpation,  its  individual  papules  resembling  those 
of  keratosis  pilaris.  The  margin  showed  a  slightly  inflamed  base. 
Desquamation  was  only  slightly  developed.  The  thickened  epi- 
dermis was  easily  scraped  off  and  the  base  did  not  bleed.  The 
lesions  were  located  on  the  trunk  of  the  body,  the  hands  and  feet 
being  free  from  them. 

The  lesions  described  and  illustrated  by  Gutierrez  7  are,  as  is 
clearly  evident  from  his  photograph,  raised  and  depigmented. 
They  are  seen  to  consist  in  a  "follicular  heaping"  and  are  located 
on  the  back  and  on  the  forearms  and  show  "furfuraceous  desqua- 
mation."    The  hands  and  feet  are  free  from  them. 

It  is  evident  from  this  brief  comparative  description  that  the 
only  thing  in  common  between  the  lesions  described  by  us  and 
those  previously  described  by  Gutierrez  on  the  one  hand,  and 
those  described  by  Ziemann  as  "melung"  on  the  other,  is  the 
depigmentation.  The  lesions  similar  to  the  "melung"  of  Ziemann 
are  not  absent  in  the  Philippines.  An  illustration  of  a  case  is 
given  in  Gutierrez's  publication,8  where  the  vitiligo  is  combined 
with  keratoderma  plantare.  It  is  possible  that  the  "melung" 
described  by  Ziemann  is  nothing  but  an  aftermath  of  yaws,  in 
as  much  as  it  is  known  that  both  the  hyper  pigmentation,  but 
more  particularly  the  depigmentation,  of  the  skin  following 
yaws  is  very  persistent.  However,  it  is  quite  as  possible  that 
at  least  some  of  the  so-called  "melung"  cases  are  lesions  of 
another  etiology. 

7  Yaws :  Its  manifestations  and  treatment  by  neosalvarsan,  Arch.  Derm, 
and  Syphilol.  6   (1922)  265-287,  fig.  13. 

8  Keratosis  palmaris  et  plantaris  due  to  Framboesia,  Arch.  Derm,  and 
Syphilol.  8   (1923)   382-392,  fig.  5. 
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The  purpose  of  the  dermatologic  descriptions  and  illustrations 
in  our  paper 9  was  not  to  present  new  or  hitherto  unknown  skin 
manifestations  of  yaws.  Our  sole  aim  was  to  give  a  description 
of  the  lesions,  not  only  that  those  familiar  with  yaws  could 
recognize  them,  but  also  that  dermatologists  unacquainted  with 
tropical  medicine  might  recognize  these  lesions,  because  of  their 
versatility  in  dermatology.  Consequently,  in  the  absence  of 
uniform  dermatologic  nomenclature,  these  lesions  were  likened 
by  us  to  skin  diseases  known  the  world  over,  including  the 
Tropics.  Thus  the  names  lichenoid  (lichen  planus),  keratoid 
(keratosis  pilaris),  frambcesiderma  manus  (syphiloderma  ma- 
nus)  were  applied. 

The  main  reason  for  publishing  our  paper  is  the  fact  that 
"All  of  the  three  atypical  lesions  herein  10  described  were  ob- 
served in  experimental  cases  whereby  their  etiology  was  def- 
initely determined." 

9  Schobl,  Otto,  A.  W.  Sellards,  and  G.  R.  Lacy,  Some  protean  manifes- 
tations of  the  skin  lesions  of  yaws,  Philip.  Journ.  Sci.  30  (1926)  475-481. 
10Loc.  cit. 
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In  a  country  like  the  Philippines,  where  bacillary  dysentery 
is  endemic  and  occurs  throughout  the  year  with  more  or  less 
regularity  during  a  certain  season  of  the  year,  the  clinical  diag- 
nosis in  the  majority  of  cases  offers  little  difficulty  to  the  prac- 
titioner. The  sudden  onset,  rise  of  temperature,  abdominal 
pain,  and  occurrence  of  several  cases  within  a  few  days  in  a 
community  leads  the  physician,  provided  he  has  excluded  cholera, 
to  the  diagnosis  of  bacillary  dysentery.  Although  the  severity 
of  outbreaks  and  the  mortality  vary  from  time  to  time,  bac- 
illary dysentery  usually  scores  heavily  among  children.  It  is 
a  generally  accepted  tradition  in  dysentery-stricken  countries 
that  cases  among  them  caused  by  the  Shiga-Kruse  type  of 
Bacillus  dysenteric  are  more  severe  and  mortality  is  higher  than 
in  those  caused  by  mannite  fermenters.  This  should  not, 
however,  be  construed  to  mean  that  cases  caused  by  mannite  fer- 
menters do  not  need  immediate  and  prompt  therapy.  A  physi- 
cian should  not  let  himself  be  misled  by  the  report  of  the 
laboratory  that  the  case  is  a  light  one  if  not  caused  by  the 
Shiga-Kruse  type  of  B.  dysenteric.  It  is  strongly  advised,  and 
practice  bears  this  out,  that  the  physician  do  not  await  the 
bacteriological  diagnosis  but  commence  serum  therapy  imme- 
diately. An  experience  in  the  Philippines  of  more  than  ten 
years  in  serum  therapy  of  dysenteric  cases  has  shown  that  the 
mortality  in  bacillary  dysentery,  in  adults  and  children  alike,  can 
be  reduced  to  the  minimum  by  prompt  application  of  serum  in 
sufficient  quantity  but  principally  by  administering  the  serum 
as  early  as  possible.  An  alert  physician  will  insist  on  examining 
the  stool  himself  in  a  case  of  intestinal  disorder  and,  with  little 
experience,  he  will  be  able  to  discover  by  the  naked  eye  strips 
of  mucus  or  strips  of  mucus  and  blood  in  the  still  faecal  stool 
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that  will  lead  him,  in  consideration  of  other  clinical  symptoms, 
to  diagnose  the  case  as  bacillary  dysentery  and  to  take  immediate 
steps  by  injecting  antidysenteric  serum  and  requesting  labora- 
tory confirmation  of  his  clinical  diagnosis  of  bacillary  dysentery. 
The  findings  made  by  the  naked  eye  of  mucus  and  blood  will  be 
further  confirmed  by  microscopic  examination.  The  helpfulness 
of  this  method  has  been  repeatedly  pointed  out.  (2)  In  the  great 
majority  of  acute  cases  of  dysentery  it  will  be  possible  to  con- 
firm bacteriologically  the  clinical  and  microscopic  diagnosis  of 
dysentery. 

Naturally,  the  collection  of  samples  and  the  selection  of  the 
portion  of  the  stool  to  be  used  for  laboratory  examination  are 
of  utmost  importance.  This  has  been  demonstrated  by  Saisawa 
and  Tanabe(7)  in  their  work  on  healthy  dysentery  carriers,  and 
also  in  the  work  of  Vazquez-Colet(9)  on  dysentery  carriers  among 
food  handlers  in  the  Philippines.  When  it  is  once  realized  that 
a  case  of  chronic  dysentery  exists  and  is  causing  intestinal  dis- 
orders and  that  the  pathologic  changes  are  localized  in  the  end 
of  the  large  intestine,  of  either  a  mucous  chronic  inflammatory 
character  or  an  ulcerative  chronic  type,  it  will  at  once  become 
evident  that  the  distribution  of  the  dysentery  bacilli  throughout 
the  specimen  of  stool  is  not  so  uniform  as  in  cholera,  or  even  in 
typhoid,  and  the  importance  of  selecting  from  the  specimen  a 
special  portion  macroscopically  suspicious  as  the  dysenteric 
inflammatory  product  will  be  recognized.  Owing  to  the  lack  in 
bacteriological  technic  of  enrichment  medium  and  of  standard 
procedure  for  isolating  B.  dysenteric,  one  of  us  suggested  years 
ago  (6)  the  use  of  Teague's  medium  for  bacteriological  diagnosis 
of  dysentery.  The  Teague's  plate  is  particularly  valuable  in 
a  search  for  carriers  on  a  large  scale. 

The  necessity  of  submitting,  for  bacteriological  diagnosis, 
specimens  in  as  fresh  a  condition  as  possible  is  evident  from  the 
consideration  of  the  action  of  the  bacteriophage  that  strongly 
interferes  with  successful  isolation  of  B.  dysenteric  from  other- 
wise typical  specimens  of  stool. 

In  analyzing  the  procedure  described  below  for  the  isolation  of 
B.  dysenteric  one  can  see  that  the  principle  of  elimination  is 
followed.  The  first  step  is  to  note  the  shape  of  the  colony  and 
the  effect  of  the  growing  bacteria  upon  lactose,  methylene  blue- 
eosin  being  used  as  indicator;  the  second  step  is  to  examine  for 
motility ;  the  third  step,  which  is  combined  with  the  second,  is  to 
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note  the  microscopic  agglutination  reaction;  the  final  step  is 
to  note  the  behavior  of  the  isolated  culture  toward  carbohydrates 
other  than  lactose,  principally  Russell's  medium,  mannite,  mal- 
tose, and  saccharose.  In  arranging  the  procedure  in  this  way  it 
is  possible  to  give  early  preliminary  information  to  the  interested 
physician.  Within  a  few  hours  after  the  plates  had  been  seeded 
(eight  to  ten  hours)  a  preliminary  report  in  certain  instances 
could  be  given,  by  fishing  out  suspicious  colonies,  under  a  mag- 
nifying lens  if  necessary,  and  performing  the  motility  and  agglu- 
tination tests  with  serum  prepared  for  the  treatment  of  bacillary 
dysentery  by  immunization  of  horses  with  strains  of  a  well- 
known  antigenic  property.  At  the  same  time,  in  as  much  as  in 
a  case  of  acute  dysentery  more  than  two  or  three  suspicious 
colonies  of  the  same  type  are  found,  as  a  rule,  these  are  fished 
out  and  transplanted  into  Russell's  medium  and  other  carbo- 
hydrates. In  this  way  a  specimen  delivered  at  the  laboratory 
for  examination  for  B.  dysenteric,  for  instance,  before  9  o'clock 
in  the  morning  could  be  reported  as  suspicious  macroseopically 
and  microscopically  upon  receipt  of  the  specimen  and  as  highly 
suspicious  bacteriologically  before  5  o'clock  in  the  afternoon, 
provided  the  shape  of  the  colony  corresponded  to  that  of  B. 
dysenteric  on  Teague's  medium  and  the  motility  and  agglutina- 
tion tests  agreed  with  a  control  of  known  B.  dysenteric  culture. 
Within  twenty-four  hours — that  is,  next  morning — confirmatory 
tests  of  sugar  reactions,  which  would  not  only  indicate  the 
presence  of  B.  dysenteric  but  also  determine  the  type,  could  be 
made. 

Recently  it  was  decided  to  subject  this  procedure  which  has 
been  in  vogue  for  several  years  in  this  laboratory  to  a  revision 
in  view  of  a  statement  made  by  G.  R.  Lacy.  (4)  Lacy  makes  the 
following  statement: 

*  *  *  The  practical  point  which  we  would  mention  in  connection 
with  this  report  is  that,  had  we  depended  upon  the  immune  serum  of 
typical  Shiga  alone  for  diagnosis  of  these  organisms,  we  should  have  missed 
eighteen  out  of  the  forty-five  and,  even  with  the  sera  of  the  two  fixed 
groups,  we  should  still  have  missed  nine  of  the  forty-five,  or  practically 
20  per  cent.  We  feel,  therefore,  that  the  use  of  cultural,  biological,  and 
serological  methods  should  always  be  employed  in  studying  this  group  of 
organisms. 

It  is  obvious  that  tests  other  than  mere  serologic  must  be  used 
for  classification  of  pathogenic  bacteria.     The  study  of  Lacy  on 
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serologic  differences  of  grouping  brings  out  this  point  very 
clearly.  We  must,  however,  emphasize  the  differences  between 
the  serum  as  prepared  by  Lacy  for  his  study  and  the  serum  as 
prepared  by  us  for  therapeutic  purposes  and,  incidentally,  used 
for  diagnostic  purposes  in  the  laboratory.  The  first  difference 
is  that,  while  Lacy  used  small  laboratory  animals,  rabbits,  our 
serum  is  derived  from  immunized  horses.  The  second  differ- 
ence is  that,  while  Lacy  used  a  high  dilution  in  order  to  bring 
out  the  differences,  we  are  using  for  diagnostic  work  a  low  dilu- 
tion in  order  to  avoid  these  differences  in  dysentery  strains. 
Furthermore,  the  serum  prepared  by  us  is  so  polyvalent  with 
regard  to  Shiga  strains  that  it  affects  all  known  strains  of  B. 
dysenteric  investigated,  including  those  found  by  Lacy  to  belong 
to  three  different  groups.  (8)  The  fact  that  Lacy  found  our  serum 
to  protect  laboratory  animals  against  subsequent  infection  with 
strains,  no  matter  to  which  serologic  group  of  his  classification  (4) 
they  belong,  is  an  indication  of  the  polyvalency  of  our  horse 
serum.  The  explanation  lies  mainly  in  the  findings  on  antigenic 
properties  of  various  strains  of  B.  dysenteric  as  a  basis  for  sero- 
logic grouping  (8)  and  in  the  use  of  a  different  donor  of  immune 
serum. 

There  is  a  further  difference  between  the  material  experi- 
mented on  by  Lacy  and  the  material  we  used.  While  we  used 
specimens  from  patients,  carriers,  or  autopsies,  Lacy  examined 
the  series  of  forty-five  strains  designated  as  B.  dysenteric  by  la- 
boratories in  various  countries.  In  other  words,  the  majority  of 
his  cultures  were  stock  cultures,  not  freshly  isolated  strains. 

The  serologic  differences  particularly  evident  in  absorption 
experiments  of  artificially  reproduced  mutants  have  been  suffi- 
ciently brought  out  by  Morishima.(5)  Therefore,  the  conclusion 
drawn  by  Lacy  from  his  experiment  does  not  directly  apply  to 
the  identification  of  strains  isolated  from  specimens,  particularly 
in  acute  cases,  when  horse  serum  prepared  by  immunization 
against  strains  of  permanently  good  antigenic  property  is  used. 

TECHNIC 

Selection  of  material  for  examination. — The  specimen  sub- 
mitted for  examination  was  placed  on  a  sterile  Petri  dish.  With 
the  tip  of  a  sterile  platinum  loop  a  portion  of  the  material  con- 
taining mucus  was  picked  up  and  washed  in  a  tube  of  distilled 
water.  This  washed  portion  constituted  the  material  for  inoc- 
ulation on  the  lactose  methylene  blue-eosin  agar  plates. 
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The  samples  were  plated  on  lactose  methylene  blue-eosin  agar 
by  spreading  the  washed  faecal  material  over  the  plates.  The 
plates  were  incubated  overnight  (37°  C).  The  next  day  sus- 
picious colonies  were  marked.  These  colonies  were  somewhat 
transparent,  of  a  pinkish  color,  and  had  irregular  edges.  From 
these  colonies  motility  test  and  agglutination  test  with  undiluted 
and  diluted  (1  :  50)  antidysenteric  or  typhoid  and  paratyphoid 
serum  were  made.  A  modification  of  Barber's  isolating  cham- 
ber (l)  was  used  for  this  purpose.  This  chamber  is  prepared 
by  fastening  strips  of  glass  to  a  slide  with  Canada  balsam,  as 
shown  in  fig.  1.  The  chamber  used  by  us  was  7  centimeters  long, 
4  centimeters  wide,  and  0.75  centimeter  high.  To  examine  the 
suspicious  colonies  for  motility  the  following  procedure  was 
observed.  A  cover  glass  large  enough  to  cover  the  chamber 
completely  was  prepared  as  suggested  by  Barber ;  that  is,  a  little 
vaseline  was  carefully  smeared  on  the  slide,  after  which  the 
cover  glass  was  thoroughly  polished.  This  was  done  to  prevent 
the  drops  from  running  together.  Then  drops  of  salt  solution 
were  placed  on  the  cover  glass  by  means  of  a  platinum  loop. 
With  a  straight  platinum  wire,  a  bit  of  each  suspicious  colony 
was  picked  up  and  emulsified  in  two  drops  of  salt  solution,  so 
that  there  were  two  drops  of  bacterial  emulsion  for  each  colony, 
arranged  as  seen  in  fig.  2. 

The  cover  glass  was  then  turned  over  and  rested  on  the  cham- 
ber, the  drops  downward,  as  in  fig.  3. 

The  drops  were  examined  under  the  microscope  for  motility 
and  the  result  was  recorded.  Then  the  agglutination  tests  were 
made.  Nonmotile  bacilli  were  tested  out  with  antidysenteric 
serum,  while  motile  bacilli  were  tested  with  typhoid  and  para- 
typhoid A  serum.  The  procedure  was  as  follows :  On  the  side 
of  the  first  drop  of  bacterial  emulsion  a  drop  of  pure  antidysen- 
teric serum  or  antityphoid  serum,  as  the  case  may  be,  was 
placed.  On  the  side  of  the  second  drop  of  bacterial  emulsion, 
a  drop  of  a  1  :  50  dilution  of  serum  was  placed  (see  fig.  4). 
Then,  with  a  platinum  wire,  the  drops  were  joined  as  indicated 
in  fig.  5. 

The  cover  glass  was  put  in  a  wet  chamber,  the  drops  upward. 
This  consisted  of  a  Petri  dish,  on  the  bottom  of  which  a  piece 
of  wet  filter  paper  was  placed  to  prevent  drying  up  of  the  drops 
on  the  slide,  and  two  pieces  of  glass  tubing  on  which  the  cover 
glass  rested  (fig.  6).  The  glass  tubing  was  filled  with  water, 
thus  supplying  the  moisture  necessary  to  keep  the  filter  paper 
wet. 
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The  wet  chamber,  with  the  cover  glass  in  it,  was  left  in  the 
incubator  for  about  twenty  to  thirty  minutes.  Then  the  slide 
was  carefully  removed  and  turned  over  on  the  chamber,  the 
drops  downward,  and  examined  under  the  microscope.  Clumps 
of  bacteria  at  the  union  point  of  the  two  drops  showed  that 
agglutination  was  positive  (fig.  7).  The  far  end  of  the  drop  of 
bacterial  emulsion,  where  serum  did  not  reach,  served  as  con- 
trol. Motile  bacilli  which  did  not  agglutinate  in  typhoid  serum 
were  tested  out  separately  with  paratyphoid  A  serum.  Results 
were  recorded. 

Besides  the  agglutination  tests  performed  with  the  colonies 
found  suspicious  on  lactose  methylene  blue-eosin  plates,  these 
colonies  were  simultaneously  transferred  into  Russell's  medium 
and  incubated  for  twenty-four  hours.  Results  were  recorded  as 
follows:  The  tubes  which  showed  much  gas  production  and  in 
which  the  medium  was  completely  acidified  were  marked  nega- 
tive and  discarded.  Those  which  had  no  gas  and  in  which  the 
butt  was  acid  were  considered  suspicious  and  were  recorded  as 
+  Russell.  Those  which  had  gas  but  in  which  only  the  butt  of 
the  tube  was  acid  were  recorded  as  +  and  suspicious  for  para- 
typhoid A.  The  growth  in  Russell's  tubes  was  then  transferred 
into  other  carbohydrates  to  verify  results  and  to  determine  the 
type  of  dysentery.  The  carbohydrates  used  for  this  purpose 
were  glucose,  mannite,  maltose,  xylose,  dulcite,  lactose,  sac- 
charose, and  litmus  milk. 

Nonmotile  bacilli,  agglutinable  in  polyvalent  antidysenteric 
serum  1 :  50  fermenting  glucose  alone  or  sometimes  glucose  and 
maltose  (nonmannite  fermenter),  were  reported  positive  for 
B.  dysenteric  Shiga.  Nonmotile  bacilli,  agglutinable  in  poly- 
valent antidysenteric  serum  fermenting  glucose,  mannite,  and 
maltose,  but  not  lactose,  were  recorded  as  positive  for  B.  dysen- 
teric Flexner. 

Motile  bacilli,  agglutinable  by  antityphoid  serum,  non-gas  pro- 
ducer, fermenting  glucose,  mannite,  and  maltose,  and  turning 
lead  acetate  paper  black,  were  recorded  positive  for  typhoid. 

Motile  gas-producing  bacteria  fermenting  glucose,  mannite, 
maltose,  and  dulcite,  and  agglutinated  by  paratyphoid  serum, 
were  reported  as  positive  for  paratyphoid  A. 

SUMMARY  OF  RESULTS 

1.  Time  of  study,  one  year. 

2.  The  number  of  specimens  received  for  bacteriological  exam- 
ination in  the  search  for  B.  dysenteric,  B.  typhosus,  and  B.  para- 
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typhosus  A  in  patients,  healthy  persons,  and  cadavers,  and  that 
were  plated  on  lactose  methylene  blue-eosin  agar?  was  24,251; 
out  of  this  number  of  specimens  441  were  found  suspicious  on 
lactose  methylene  blue-eosin  agar  for  either  B.  dysenteric,  B. 
typhosus,  or  B.  paratyphosus  A. 

3.  Number  of  specimens  found  suspicious  on  lactose  methylene 
blue-eosin  agar  for  B.  dysenteric: 

Patients  66 

Healthy  persons: 

Food  handlers  113 

Contacts  50 

Cadavers  6 

Total  235 

4.  Number  of  specimens  found  suspicious  for  B.  typhosus  and 
B.  paratyphosus  A: 

Patients  42 

Healthy  persons: 

Food  handlers  101 

Contacts  50 

Cadavers  13 

Total  206 

5.  Number  of  specimens  obtained  from  patients  and  found  sus- 
picious on  lactose  methylene  blue-eosin  agar  for  either  B.  dysen- 
teric, B.  typhosus,  or  B.  paratyphosus  A,  108. 

6.  Number  of  specimens  obtained  from  carriers  and  found 
suspicious  on  lactose  methylene  blue-eosin  agar  for  either  B. 
dysenteric,  B.  typhosus,  or  B.  paratyphosus  A  : 

Food  handlers  214 

Contacts  100 

Total  314 

7.  Number  of  specimens  obtained  from  cadavers  and  found 
suspicious  on  lactose  methylene  blue-eosin  agar  for  either  B. 
dysenteric,  B.  typhosus,  or  B.  paratyphosus  A,  19. 

8.  Number  of  specimens  found  suspicious  on  lactose  methylene 
blue-eosin  agar  and  confirmed  as  positive  for  B.  dysenteric: 

Patients  41 

Healthy  persons: 

Food  handlers  11 

Contacts  6 

Cadavers  3 

Total  61 
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9.  Number  of  specimens  found  suspicious  on  lactose  methylene 
blue-eosin  agar  and  confirmed  as  positive  for  B.  typhosus: 

Patients  5 

Healthy  persons: 


Food  handlers 

Contacts 
Cadavers 


Total  5 

10.  Number  of  specimens  found  suspicious  on  lactose  methylene 
blue-eosin  agar  and  confirmed  as  positive  for  B.  paratyphosus  A  : 


Patients 
Healthy  persons: 

Food  handlers 

Contacts 
Cadavers 


11 
4 
2 


Total 


21 


TABLES  SHOWING  THE  RESULTS  OF  PRELIMINARY  AND  CONFIRMA- 
TORY TESTS  OF  BACILLUS  DYSENTERIC,  B.  TYPHOSUS,  AND  B. 
PARATYPHOSUS  A 

FIGURES    IN    TABLES    1    TO    11    MEAN    NUMBER    OF    SPECIMENS    GIVING    RESULTS 
CONFORMING  WITH  THE  TESTS  INDICATED  ON  THE  LEFT  OF  EACH  TABLE 
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Table  3. 


Results  of  tests. 
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Results  of  tests. 


Agglutination  1:1,  negative . 
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Table  7. 


Results  of  tests. 
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Table  9. 


Results    of  tests. 
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SUMMARY  OF  TABLES 

Out  of  24,251  specimens  examined,  441  were  found  suspicious 
on  lactose  methylene  blue-eosin  agar  plates  for  either  dysen- 
tery, typhoid,  or  paratyphoid. 

Table  1  gives  the  total  number  of  specimens  found  positive 
for  either  dysentery,  typhoid,  or  paratyphoid  A,  in  both  pre- 
liminary and  confirmatory  tests. 

In  Table  2,  however,  we  find  that  a  small  number  of  spec- 
imens were  positive  on  agglutination  in  both  undiluted  and 
diluted  serum,  but  the  result  was  negative  on  the  confirmatory 
examination. 

Not  a  single  specimen,  however,  was  found  to  give  positive 
agglutination  in  undiluted  serum,  negative  in  diluted  serum, 
and  positive  in  confirmatory  tests,  as  seen  in  Table  3. 

Table  4  shows  a  number  of  specimens  positive  by  agglutina- 
tion with  undiluted  serun,  but  negative  with  diluted  serum 
and  in  the  confirmatory  test. 

Table  5  shows  an  important  point;  namely,  not  one  of  the 
specimens  that  would  be  negative  on  agglutination  test  with 
either  diluted  or  undiluted  serum  would  be  found  positive  in 
the  confirmatory  test. 

Table  6  shows  a  small  number  of  specimens  positive  in  agglu- 
tination in  undiluted  serum,  slightly  agglutinable  in  diluted 
serum,  but  negative  in  the  confirmatory  test. 
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Table  7  shows  the  number  of  specimens  which  gave  sus- 
picious colonies  on  lactose  methylene  blue-eosin  agar  plates 
but  turned  out  to  be  negative  in  the  agglutination  and  the  con- 
firmatory tests  for  either  dysentery,  typhoid,  or  paratyphoid  A. 

Table  8  shows  that  all  specimens  found  positive  in  the  con- 
firmatory tests  for  either  dysentery,  typhoid,  or  paratyphoid 
A  were  positive  in  Russell's  medium. 

Several  specimens  were  found  positive  in  Russell's  medium 
but  resulted  negative  in  other  carbohydrates,  as  seen  in  Table  9. 

Table  10  shows  specimens  which  were  positive  in  agglu- 
tination in  Russell's  and  other  carbohydrates.  This  table  gives 
the  same  numbers  as  do  Tables  1  and  8. 

Table  11  shows  a  number  of  specimens  which,  although  pos- 
itive on  agglutination  and  in  Russell's,  resulted  negative  in  other 
carbohydrates. 

CONCLUSION 

From  the  tables  it  can  be  seen  that,  besides  the  number  of 
specimens  which  were  positive  in  both  preliminary  and  con- 
firmatory tests,  there  were  some  that,  although  positive  in  the 
preliminary  tests,  resulted  negative  in  the  confirmatory  tests. 
On  the  other  hand,  however,  none  was  found  negative  in  the 
preliminary  tests  and  positive  in  the  confirmatory  tests.  So 
the  error  of  the  procedure  here  discussed  lies  on  the  safe  side. 
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THE  PHILIPPINE  SIGANIDS 

By  Albert  W.  Herre  and  Heraclio  R.  Montalban 
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six  plates 

SIGANIDS1    (TEUTHIDID.E) 

Dorsal  XIII-10;  anal  VII-9. 

The  oblong,  strongly  compressed  form  has  a  thick,  leathery 
skin,  covered  with  very  small,  closely  adherent,  cycloid  scales, 
the  caudal  scaled,  the  other  fins  naked;  the  peculiar  physiog- 
nomy is  characteristic;  the  small  mouth  has  one  row  of  small, 
narrow,  serrated  cutting  incisors  in  each  jaw;  the  vomer  and 
palatines  are  toothless;  the  dorsal  fin  is  continuous,  the  spinous 
portion  longer  than  the  soft  part ;  the  dorsal  and  anal  spines  are 
strong,  heteracanthous — that  is,  alternately  strong  and  weak 
on  the  right  and  left  sides;  a  sharp  spine  projects  forward 
from  the  first  interneural  at  the  base  of  the  first  dorsal  spine 
and  pierces  the  skin  at  the  nape,  forming  a  prostrate  spine; 
rarely  it  is  concealed ;  the  thoracic  ventrals  are  unique,  unlike 
those  of  any  other  fish,  each  with  an  outer  and  an  inner  spine, 
and  with  three  soft  rays  between,  I-3-I;  the  caudal  fin  is  more 
or  less  lunate,  never  truncate.  The  gill  membranes  are  not 
united,  attached  to  the  isthmus ;  pseudobranchiae  well  developed ; 
branchiostegals  5;  the  long  intestine  is  much  convoluted,  with 
5  or  6  pyloric  caeca;  the  large  air  bladder  is  forked  before  as 
well  as  behind;  vertebrae  10  +  13  =  23.  The  skeleton  has  a 
number  of  peculiarities;  the  maxillary  and  premaxillary  are 
firmly  united,  the  lower  pharyngeals  but  little  developed;  the 
abdominal  cavity  is  surrounded  by  a  complete  ring  of  bones, 
the  hypocoracoid  extending  backward  the  whole  length  of  the 
abdomen  and  joined  posteriorly  to  a  spinous  process  of  the 
first  interhaemal;  the  long  slender  pubic  bones  are  firmly  at- 
tached to  each  other,  with  no  free  space  between  them. 

1  Starks,  E.  C,  On  the  relationship  of  the  fishes  of  the  family  Siganidae, 
Biol.  Bull.  Marine  Biol.  Lab.  Woods  Hole  13   (1907)   211. 
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The  family  shows  numerous  peculiarities  and  stands  rather 
far  from  any  other  known,  but  is  apparently  more  closely  re- 
lated to  the  Acanthuridse  than  to  any  other  group.  It  is  con- 
fined to  the  tropical  parts  of  the  Indian  and  Pacific  Oceans, 
one  species  ranging  northward  to  Japan.  But  two  genera  are 
known.  The  Siganidse  are  small  to  moderate-sized  fishes,  not 
exceeding  400  millimeters  in  length,  all  herbivorous.  The  tail 
is  unarmed,  but  they  can  inflict  grievous  wounds  with  their 
dorsal,  anal,  and  ventral  spines.  They  live  about  submerged 
reefs,  feeding  on  the  submarine  pastures  in  great  schools,  like 
flocks  of  sheep.  The  larger  species  are  excellent  food  fishes,  the 
firm  flaky  flesh  being  well  flavored.  Some  of  them  are  dull 
colored,  but  a  few  kinds  are  very  handsome. 

Vast  shoals  of  siganid  fry  approach  the  coast  of  Camarines 
Sur  and  Sorsogon  each  year,  and  are  caught  by  the  coast  dwellers 
in  large  quantity.  These  fry  are  made  into  the  fermented  prod- 
uct called  guinamos  by  the  Bicols  and  Visayans,  and  bagoong  by 
the  Ilocanos.  A  similar  phenomenon  occurs  on  the  coast  of 
Pangasinan  about  Cape  Bolinao. 

Key  to  the  Philippine  genera  of  Siganidse. 

a1.  Snout  slender,  elongate,   tubular Lo. 

a2.  Snout  of  ordinary  shape,  not  elongate  or  tubular Teuthis. 

Genus  TEUTHIS  Linnaeus 

Teuthis  Linn>eus,  Syst.  Nat.  ed.  12,  1    (1766)   507. 
Siganus  ForskAl,  Descr.  Anim.  10  (1775)  25. 

The  characters  of  the  genus  are  included  in  the  family  diag- 
nosis. About  30  nominal  species  are  known,  of  which  15  are 
here  described  from  the  Philippines.  A.  B.  Meyer  collected 
in  1872  at  Cebu  a  siganid  which  was  determined  as  Teuthis 
lurida  Ruppell,  and  published  by  him  under  that  name  in  the 
Annales  of  the  Natural  History  Society  of  Spain.  This  deter- 
mination was  probably  an  error,  as  Siganus  lurida  is  otherwise 
known  only  from  the  Red  Sea.  Meyer's  specimen  was  probably 
S.  fuscescens.  Some  of  the  species  are  very  handsomely  colored 
or  characteristically  marked,  but  in  most  cases  their  colors  dis- 
appear rapidly  in  alcohol.  As  the  structure  in  this  very  natural 
genus  presents  but  trifling  differences,  the  determination  of 
preserved  specimens  is  often  a  matter  of  much  difficulty. 

Vernacular  names:  Bicol,  batawayi,  turus;  Ibanag,  malaga; 
Ilocano,  barangan;  Tagalog,  samaral;  Tao  Su^  and  Samal,  bel- 
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long,  indongan;  Visayan,  dayagbagu,  danguit,  layap,  mandalada, 
samarcU,  tayog. 

Siganid  fry  are  called  kuyug  in  the  Bicol  language;  padas  in 
Pangasinan. 

Key  to  the  Philippine  species  of  Teuthis. 

a\  No   broad   diagonal   dark  bands   on   head,   no   well-marked   transverse 
bands  or  lines,  and  no  extended  longitudinal  lines. 
b\  No  large  dark  spot  on  shoulder. 

c\  Color  uniform  brown  or  mottled  with  darker  brown;  usually  a  few 
dark  brown  spots  scattered  over  sides;  caudal  not  deeply  forked, 
barred  with  brownish;  dorsal  and  anal  rays  not  spotted. 

T.  fuscescens. 
c2.  More  or  less  spotted  with  paler. 

d\  A  large  dark  spot  below  dorsal  rays;  body  with  large  spots, 
often  hexagonal,  golden  or  brown,  rarely  pale;  three  diagonal 
lines  on  side  of  head  below  eye,  downward  and  forward. 

T.  concatenata. 
cP.  No  large  dark  spot  below  dorsal  rays. 

e\  Anterior  and  ventral  parts  and  caudal  peduncle  covered  with 
dark-edged,  bluish,  pearly  ocelli,  reduced  to  small  dark  spots 

or  dots  on  trunk T.  corallina. 

e2.  Sides  with  rounded  spots  or  short  curved  streaks,  golden  in 
life,  often  disappearing;  caudal  deeply  forked,  indistinctly 
barred  with  brown;  dorsal  and  anal  rays  brown-spotted. 

T.  rostrata. 
62.  A  large  dark  spot  on  shoulder. 
f.  Head  and  body  covered  everywhere  with  large  rounded  or  hexag- 
onal golden  or  brown  spots,  larger  than  interspaces. 

T.  hexagonata. 
f.  Spots  smaller  than  interspaces. 

g\  Head  and  body  with  many  pale  spots,  rounded  and  smallest  on 
nape  and  dorsally,  larger  and  oval  or  elongate  on  middle  and 
ventrally;   a  blackish  spot  on  top   of  eye;   caudal  not  deeply 

forked T.    oramin. 

g2.  Entire  body  and  fins  dark  purplish  brown  with  a  minute  pearl 

white  dot  on  each  scale;  caudal  deeply  forked T.  sutor. 

a2.  Broad  diagonal  dark  bands  on  head,  or  body  with  well-defined  trans- 
verse or  longitudinal  bands  or  lines. 
h1.  A  broad  dark  brown  band  from  nape  over  eye  to  lower  jaw. 

i1.  Six  undulate  transverse  blue  bands  anteriorly  on  body,  longitudinal 
blue   bands   posteriorly,   or  blue   bands   broken   and  represented 

by  dots T.  puella. 

i2.  A  broad  dark  brown  band  from  base  of  fourth  to  seventh  dorsal 
spines  to  base  of  pectoral;  both  diagonal  bands  edged  with  bluish; 
top  of  head  and  interorbital  with  transverse  blue  or  dark  lines. 

T.  virgata. 
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/r.  No  broad  diagonal  band  on  head. 
f.  Transverse  lines  or  bands  on  trunk. 

k\  Side  with  over  twenty  vertical  bluish  lines,  often  looped  above 
and   below,  the   anterior   and   posterior   ones   bent   below   and 

running  back  lengthwise  below  middle  of  side T.  doliata. 

/c2.  Body  with  four  broad  transverse  undulate  dusky  bands. 

T.  tetrazona. 
f.  Sides  with  longitudinal  lines. 
P.  Lines  not  vermiculated. 

m\  Bluish  white  lines  along  abdomen,  passing  into  oblong  elon- 
gate spots  on  middle  of  side  and  more  or  less  rounded  spots 

along  back T.  javus. 

m*.  Nine  or  ten  broad  brown  lines  along  side,  forming  isles  and 
knots  along  back,  interrupted  on  belly  and  passing  into 
spots    near    anal;    a    large    yellow    spot   under    soft    dorsal, 

sprinkled  with  black  dots  and  circled  by  red T.  lineata. 

P.  Lines  vermiculated. 

n1.  Depth  2.5  to  3  times  in  length;  body  covered  with  vermicu- 
lated bluish  lines  often  reticulated,  sinuously  longitudinal 
along  side;  a  dark  crossband  with  narrow  clear  margins 
on  base  of  caudal  peduncle;  caudal  not  spotted....  T.  striolata. 
ri\  Depth  1.9  to  2  times  in  length;  entire  head  and  body  covered 
with  vermiculate  bluish  white  longitudinal  lines;  caudal  fin 
spotted    T.    vermiculata. 

TEUTHIS  FUSCESCENS    (Houttuyn).     Plate  1,  fig.  1. 

Centrogaster  fuscescens  Houttuyn,  Acta  Soc.  Haarl.  20   (1782)   333. 
Amphacanthus    fuscescens    Cuvier    and    Valenciennes,    Hist.    Nat. 

Poiss.  10  (1835)  115;  Schlegel,  Fauna  Japonica,  Pisces  127  (1842) 

pi.  68,  fig.  1. 
Teuthis  fuscescens  Gunther,  Cat.  Fishes  3    (1861)  321;    (?)   Jordan 

and  Metz,  Mem.  Carnegie  Mus.  6  (1913)  44. 
Sigomus  fuscescens  Jordan  and  Fowler,  Proc.  U.  S.  Nat.  Mus.  25 

(1902)   560,  pro  parte;  Evermann  and  Seale,  Bull.  Bur.  Fisheries 

26   (1907)  98;  Seale  and  Bean,  Proc.  U.  S.  Nat.  Mus.  33   (1907) 

247;   Seale,  Philip.  Journ.  Sci.  §  D  5    (1910)   284;  Fowler,  Proc. 

Acad.   Nat.   Sci.   Phila.   70    (1918)    69;    Fowler   and    Bean,   Proc. 

U.   S.   Nat.  Mus.   62    (1  )22)    58. 
?  Teuthis  lurida  Meyer,  Ann.,  Soc.  Espafia  Hist.  Nat.  14   (1885)   22. 

The  slightly  elongate  body  compressed  and  ovoid  in  form, 
upper  and  lower  profiles  about  equally  elevated  and  uniformly 
curved  from  snout  to  caudal  peduncle,  the  greatest  depth  2.5  to 
2.6  in  length;  head  a  little  longer  than  deep,  3.9  to  4.1  in  length 
of  body,  its  upper  profile  obtuse  and  very  slightly  arched;  the 
slightly  convex  interorbital  space  widest  in  front,  where  there  is 
a  slight  protuberance,  its  least  width  3.2  to  3.5  in  head;  the 
diameter  of  the  rounded  eye  2.8  to  3.2  in  head;  the  obtuse  snout 


35,2  Herre  and  Montalban:  Philippine  Siganids  155 

2.3  to  2.4  times  in  head  and  1.5  times  maxillary,  which  is  3.4 
to  3.6  in  head;  preorbital  at  angle  of  mouth  very  narrow,  2.4 
to  2.8  in  snout;  about  18  teeth  on  each  side  in  both  jaws;  upper 
teeth  pointed,  microscopically  serrate,  brownish  tipped;  lower 
teeth  bifid,  outer  portion  acutely  pointed,  inner  part  wider, 
higher,  expanded  in  a  very  thin  plate  with  a  semicircular  top; 
both  nostrils  rounded,  the  anterior  one  with  a  wide,  rather  high 
fleshy  flap  on  its  posterior  margin,  and  the  other  a  simple 
rounded  opening;  anterior  edge  of  orbital  ring  finely  serrated; 
preopercle  margin  entire,  opercle  unarmed ;  least  depth  of  caudal 
peduncle  3.9  to  5.7  in  length  of  head. 

Only  the  cheek,  and  the  uppermost  portions  of  preopercle  and 
opercle  scaled,  rest  of  head  naked;  caudal  fin  scaly  and  the 
other  fins  naked;  middle  dorsal  spines  highest,  the  last  one  3 
to  3.4  in  head ;  anal  spines  increase  in  height  to  the  third,  from 
which  they  become  lower  to  the  last  which  is  2.5  to  3  in  head ; 
soft  dorsal  broadly  rounded,  its  second  and  third  rays  highest, 
1.9  to  2.1  in  head;  soft  anal  lower  than  dorsal,  the  rays  decreas- 
ing in  height  posteriorly;  the  lunate  caudal  equals  or  is  usually 
a  little  longer  than  head,  3.6  to  5  in  length,  1.4  to  1.7  in  depth, 
the  upper  lobe  the  longer;  pectoral  much  shorter  than  caudal 
fin,  1.3  to  1.4  in  head  and  1.3  to  1.5  times  ventral  which  extends 
but  little  beyond  anus ;  outer  ventral  spine  3  to  3.25  in  head,  a 
little  longer  than  inner  one,  which  is  1.5  to  1.7  in  pectoral. 

The  ground  color  of  alcoholic  specimens  almost  uniform  brown, 
usually  with  a  few  dark  brown  spots  scattered  over  sides  of 
head  and  trunk,  the  dorsal  region  often  darker,  breast  and 
posterior  ventral  region  sometimes  paler;  some  specimens  have 
the  sides  mottled  with  darker  brown;  dorsal  and  anal  clouded 
with  brownish;  caudal  fin  distinctly  marked  by  brownish  bars; 
pectoral  uniform  yellowish,  ventral  brownish. 

This  species  is  very  abundant  in  some  parts  of  the  Philippines. 
The  Bureau  of  Science  collection  contains  107  specimens,  25  to 
170  millimeters  long,  from  the  following  localities: 

Higad,  Camarines  Sur,  4.  Bantayan  Island,  2. 

San     Miguel     Bay,     Camarines  Dumaguete,  Oriental  Negros,  2. 

Sur,  4.  Sandakan,  Borneo,  2. 
Bacon,  Sorsogon,  93. 

The  specimens  from  Higad,  and  91  of  the  specimens  from 
Bacon  are   from   25  to  30  millimeters  long.     Vast   shoals   of 
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kuyug,  as  the  Bicols  call  the  fry  of  this  fish,  approach  the  coasts 
of  Sorsogon  and  Camarines  Sur  annually,  during  April  and  May. 
Large  quantities  are  caught  and  preserved  with  salt  to  make 
guinamos.  Our  Philippine  specimens  all  agree  with  Schlegel's 
figure  except  for  the  brownish  crossbars  on  the  caudal.  The 
Sandakan  specimens  are  silvery  on  the  belly. 

Evermann  and  Seale  had  specimens  fron  San  Fabian,  Pan- 
gasinan;  Bacon,  Sorsogon;  and  Jolo.  Seale  and  Bean  had 
specimens  from  Zamboanga,  and  Fowler  and  Bean  had  one  from 
Cebu;  Fowler  had  a  "large  series,  mostly  young,"  from  "the 
Philippines."     Seale  obtained  it  at  Sandakan,  Borneo. 

This  species  is  common  in  Japan,  where  it  is  caught  in  large 
quantities  at  nearly  all  times  of  the  year,  but  its  flesh  is  little 
esteemed.  It  does  not  attain  a  length  greater  than  about  290 
millimeters.     It  has  also  been  reported  from  Korea. 

Jordan  and  Fowler's  account  of  Siganus  fuscescens  (Hout- 
tuyn)  includes  T.  albopunctatus  (Schlegel),  a  synonym  of  T. 
oramin  (Bloch  and  Schneider)  ;  one  of  their  Japanese  specimens, 
114  millimeters  long,  is  in  the  Bureau  of  Science  collection;  it 
is  typical  T.  albopunctatus,  differing  from  T.  fuscescens  in 
having  the  small  white  spots  or  dots  on  the  sides  and  a  dark 
shoulder  spot.  Small  specimens  of  T.  fuscescens  do  not  show 
these  characteristics,  but  are  colored  like  the  adults.  Jordan 
and  Evermann's  Siganus  fuscescens  from  Formosa  is  also  T.  albo- 
punctatus,  or  T.  oramin  according  to  our  interpretation  of  this 
species.  Specimens  of  T.  oramin,  but  20  to  25  millimeters  in 
length,  show  the  characteristic  markings  of  that  species  and 
can  at  all  times  be  separated  from  T.  fuscescens* 

TEUTHIS    CONCATENATA    (Cuvier   and    Valenciennes).     Plate    4,    fig.    1. 

Amphacantkus   concateritus  Cuvier  and  Valenciennes,   Hist.   Nat. 

Poiss.  10   (1835)  93;  Bleeker,  Act.  Soc.  Sci.  Indo-Neerl.  1    (1856) 

Beschrij.  visch.  Amboina,  46;  Weber,  Fische  Siboga  Exp.    (1913) 

330. 
Teuthis  concatenata  Gunther,  Cat.  Fishes  3   (1861)  316;  Fische  der 

Siidsee    1    (1873)    88;    Day,   Fishes   of   India    (1878)    167,   pi.   40, 

fig.  4. 
Siganus  concatenatus  Jordan  and  Seale,  Proc.  U.  S.  Nat.  Mus.  28 

(1905)    789. 
Siganus  lineatus  Evermann  and  Seale,  Bull.  Bur.  Fisheries  26  (1907) 

98. 
Siganus  lineatus  Jordan  and  Richardson,  Bull.  Bur.   Fisheries   27 

(1908)   271. 
Siganus  hexagonatus  Seale,  Philip.  Journ.  Sci.  §  D   5    (1910)    284. 
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?  Amphacanthus  tetrazonus  Bleeker,  Nat.  Tijd.  Ned.  Ind.  8  (1855) 

441. 
?  Siganus   tetrazonus   Jordan   and    Seale,    Bull.    Bur.    Fisheries   26 

(1907)    35. 

Ibanag  nane  at  Buguey,  Cagayan  Province,  Malaga. 

Depth  of  the  oblong,  much  compressed  body  1.9  to  2  in  length; 
upper  profile  more  elevated  than  ventral;  length  of  head  less 
than  its  depth,  3.4  to  3.7  in  length  of  body;  the  very  much 
elevated  upper  profile  very  steep  in  front  of  interorbital  space 
and  rather  obtuse  behind ;  the  least  width  of  the  slightly  arched 
interorbital  is  2.9  to  3.1  in  head  and  is  slightly  exceeded  by 
the  diameter  of  the  large  rounded  eye,  which  is  2.7  to  2.9  in 
head;  snout  2  to  2.1  in  head  and  1.7  to  1.8  times  maxillary, 
which  is  3.3  to  3.7  in  head  and  reaches  to  below  posterior  nos- 
tril; preorbital  width  behind  angle  of  mouth  a  little  less  than 
length  of  maxillary  and  almost  twice  in  snout  or  3.9  to  4.6  in 
head;  the  anterior  nostril  has  a  fleshy  marginal  flap  behind; 
anterior  edge  of  orbital  ring  finely  serrated ;  angle  of  preopercle 
finely  serrated  and  slightly  produced,  forming  a  very  shallow 
notch  with  the  vertical  limb;  opercle  has  an  angular  point  be- 
hind; least  depth  of  caudal  peduncle  3.1  to  3.3  in  length  of  head. 

Scales  cover  cheek,  and  uppermost  portions  of  preopercle  and 
opercle,  while  the  rest  of  head  is  naked ;  no  scales  on  any  of  the 
fins  except  caudal ;  middle  dorsal  spines  higher  than  the  others, 
the  last  one  1.9  to  2.1  in  head;  anal  spines  evenly  graduated  to 
the  last  which  is  the  highest  and  contained  1.2  to  1.3  in  head ; 
dorsal  and  anal  rays  angular  and  of  almost  the  same  height, 
each  1.2  to  1.4  in  head;  the  moderately  emarginate  caudal  1.6  to 
1.8  in  depth,  2.8  to  3.35  in  length,  the  upper  lobe  slightly  the 
longer;  pectoral  shorter  than  head,  4.4  to  4.9  in  length  and  1.3 
to  1.5  times  ventral;  the  latter  terminates  a  little  in  front  of  anal 
fin,  its  outer  spine  1.6  to  1.97  in  head,  longer  than  inner  one 
which  is  1.96  to  2.33  in  head. 

Living  specimens  in  the  Bureau  of  Science  aquarium  are 
bluish  with  rounded  or  hexagonal  golden  spots  on  sides,  which 
are  much  larger  than  the  brilliant  silvery  bluish  interspaces 
between  them;  there  is  a  large,  somewhat  irregular  golden  or 
brown  blotch  below  base  of  posterior  dorsal  rays;  each  side 
of  head  golden,  with  a  bright  silvery  bluish  line  below  preor- 
bital, another  one  across  cheek,  a  third  at  outer  edge  of  scaly 
portion  of  preorbital,  and  a  fourth  near  outer  edge  of  opercle; 
spinous  dorsal  and  all  of  anal  fin  golden  brown ;  dorsal  and  anal 
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rays  and  caudal  spotted  with  brown;  pectoral  and  ventrals 
nearly  colorless,  or  pectoral  very  pale  yellow. 

A  badly  frightened  living  specimen  changed  its  color,  so  that 
it  was  darker  and  had  four  very  large  irregular  dark  brown 
spots  above  the  middle  of  the  side,  and  four  dark  brown  bars 
inclined  diagonally  downward  and  forward  across  the  whole 
width  of  dorsal  and  upon  back  below  its  base,  alternating  with 
the  lateral  spots,  and  a  broad  brown  bar  from  origin  of  dorsal 
across  eye  to  top  of  lip  and  middle  of  snout,  Where  it  joined  its 
fellow  from  the  other  side. 

When  marked  in  this  way  it  was  much  like  T.  tetrazona 
(Bleeker) .  I  doubt  the  validity  of  the  last-named  species  and 
believe  that  it  is  probably  only  a  phase  of  T.  concatenata. 

The  colors  of  alcoholic  specimens  vary  as  follows : 

Ground  color  brownish,  with  golden  brown  spots  on  sides,  the 
spots  much  larger  and  darker  than  the  interspaces  between  them, 
closer  together  on  upper  half  and  often  hexagonal  and  more 
widely  spaced  on  lower  half,  especially  posteriorly ;  vertical  fins 
brownish  violet  with  darker  spots  on  their  rays;  caudal  fin 
also  brownish  violet,  spotted  with  darker  brown;  pectoral  and 
ventral  yellowish;  a  deep  brownish  violet  line  on  lower  edge  of 
orbital,  another  one  across  cheek,  and  a  third  along  lower  edge 
of  scaly  portion  of  preopercle. 

Other  specimens  are  yellowish  brown,  with  paler  hexagonal 
spots  which  are  much  larger  than  the  interspaces  between  them ; 
a  large  brown  blotch  below  base  of  posterior  dorsal  rays;  dor- 
sal and  anal  yellowish  with  a  few  brownish  spots;  caudal  fin 
also  yellowish  and  spotted  lightly  with  brownish  violet;  a  dark 
brownish  violet  line  present  below  orbital,  a  second  one  across 
cheek,  and  a  third  on  outer  margin  of  scaly  portion  of  preo- 
percle; pectoral  and  ventral  fins  yellowish. 

Still  other  specimens  which  are  brownish  have  hexagonal  or 
rounded  spots  which  may  be  either  darker  or  lighter  than  the 
ground  color;  the  lighter  spots  were  undoubtedly  golden  in 
life,  and  the  darker  ones  probably  golden  brown.  Either  one 
or  both  kinds  of  spots  may  be  present  on  the  same  individual ; 
the  ventral  half  may  be  silvery,  and  all  the  spots  dark  brown. 

Specimens  from  Luna,  La  Union  Province,  are  purplish  brown, 
more  or  less  silvery  on  the  belly,  with  rows  of  large  pale 
silvery  gray  spots,  some  larger  than  the  pupil;  a  large  silvery 
white  spot  below  soft  dorsal;  the  characteristic  lines  are  on 
side  of  head;  dorsal,  anal,  and  caudal  dusky  purplish,  the  soft 


35,2  Herre  and  Montalban:  Philippine  Siganids  159 

dorsal  rays  and  caudal  spotted  with  dark  violet-brown ;  pectoral 
very  pale  yellowish,  ventral  nearly  colorless. 

In  life  this  is  a  very  handsome  fish.  Long  observation  of 
living  material  has  shown  that  the  species  is  variable,  individuals 
differing  widely  in  size  and  color  of  the  spots  and  the  ground 
color,  as  well  as  in  the  presence  or  absence  and  color  of  the 
large  spot  below  the  soft  dorsal.  The  blue  lines  on  sides  of 
head  and  the  spots  on  vertical  fins  are  constant,  but  may  disap- 
pear in  alcohol;  the  caudal  spots  are  usually  present,  but  some- 
times are  absent,  even  in  living  specimens. 

The  Bureau  of  Science  collection  contains  31  specimens^ 
varying  from  39  to  196  millimeters  in  length: 

Buguey,  Cagayan,  2.  Bulan,  Sorsogon,  1. 

Luna,  La  Union,  3.  Guinobatan,       Masbate       Prov- 

Agno  River,   Pangasinan,  1.  ince,  1. 

Bolinao,  Pangasinan,  3.  Catbalogan,  Samar,  2. 

Hundred  Islands,  Pangasinan,  1.  Bantayan  Island,  1. 

Iba,  Zambales,  1.  Dumaguete,  Oriental  Negros,  2. 

Manila,  3.  Cagayan    de    Misamis,    Minda- 

Nasugbu,   Batangas,   1.  nao,  1. 

Puerto  Galera,  Mindoro,  2.  Caldera  Bay,  Mindanao,  1. 

Mangarin,  Mindoro,  1.  Snndakan,  Borneo,  4. 

This  species  was  listed  from  the  south  coast  of  Oriental 
Negros  by  Jordan  and  Seale,  and  under  the  name  Siganus  lineatus 
from  Bacon  and  Bulan,  Sorsogon,  by  Evermann  and  Seale,  and 
from  Aparri  and  Cuyo  by  Jordan  and  Richardson. 

It  is  a  handsome  fish,  occurring  from  the  Andamans  to  the 
Pelew  Archipelago,  and  is  widespread  in  the  East  Indies.  It 
attains  a  length  of  about  280  milimeters. 

TEUTHIS  CORALLINA  (Cuvier  and  Valenciennes).     Plate  1,  fig.  2. 

Amphacanthus    corallinus    Cuvier    and    Valenciennes,    Hist.    Nat. 

Poiss.    10    (1835)    101;   Schlegel  and   Muller,  Verh.  Nat.  Gesch. 

Ned.,  Leiden  2   (1844)   10,  pi.  2,  fig.  2. 
Teuthis  corallina  Gunther,   Cat.   Fishes   3    (1861)    316;    Fische   der 

Siidsee    1     (1873)    88. 
Siganus  corallinus  Jordan  and  Richardson,  Bull.  Bur.  Fisheries  27 

(1908)   271;  Fowler,  Proc.  Acad.  Nat.  Sci.  Phila.  70   (1918)   69; 

Fowler  and  Bean,  Proc.  U.  S.  Nat.  Mus.  62   (1922)  58. 

The  oblong  compressed  body  rather  deep,  1.9  to  2.3  in  length, 
the  profiles  about  equally  elevated;  length  of  head  equals  its 
height,  3.4  to  3.7  in  length  of  body;  a  protuberance  in  front 
of  eyes  gives  a  slightly  concave  outline  to  snout;  lower 
profile  of  head  slightly  concave;  least  width  of  the  moderately 
convex  interorbital  about  equal  to  eye,  which  is  3  to  3.2  in 
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head;  snout  1.8  to  2  in  head  and  twice  the  maxillary,  which 
is  3.8  to  4  in  head,  its  posterior  end  below  anterior  nostril; 
width  of  preorbital  at  angle  of  mouth  1.6  to  1.8  in  length  of 
snout;  anterior  nostril  very  small  and  circular,  posterior  one 
a  little  larger  and  covered  in  front  with  a  fleshy  membrane; 
angle  of  preopercle  not  much  prolonged,  its  edge  having  fine 
serrae  which  are  inconspicuous  in  some  examples;  front  edge 
of  orbital  margin  rather  indistinctly  serrated ;  opercle  unarmed 
behind;  least  depth  of  caudal  peduncle  3.3  to  4  tines  in  head. 

Top  of  head  almost  entirely  naked;  no  scales  present  on  in- 
terorbital  space,  snout,  preorbital,  lips,  chin,  and  lower  two- 
thirds  of  opercular  bone;  with  the  exception  of  caudal  all  the 
fins  are  also  without  scales;  the  middle  dorsal  spines  higher 
than  the  rest,  the  last  spine  1.9  to  2  in  head,  and  lower  than 
last  anal  spine,  which  is  1.5  to  1.8  in  head;  the  soft  portions 
of  vertical  fins  angular,  dorsal  a  trifle  higher  than  anal,  1.5  to 
1.8  in  head;  caudal  fin  deeply  lunate,  the  lobes  pointed,  the 
upper  one  slightly  the  longer,  fron  a  little  more  than  to  a 
fourth  longer  than  head,  1.3  to  1.4  in  depth  and  2.77  to  3.17  in 
length ;  the  broad  pectoral  shorter  than  head,  4  to  4.2  in  length 
and  1.2  to  1.5  times  ventral,  which  extends  about  halfway  be- 
tween anus  and  origin  of  anal  fin;  inner  ventral  spine  much 
shorter  than  outer  one,  1.7  to  2  in  pectoral,  outer  spine  1.6  to  1.9 
in  head. 

In  alcohol  specimens  are  violet-brown  or  orange  brown,  the 
fins  paler  to  yellowish  white;  head,  breast,  belly,  and  region 
immediately  behind  head  covered  with  large  dark-edged  violet 
or  bluish  pearly  ocelli,  which  become  much  smaller  and  cover 
the  trunk  as  deep  violet  or  dark  spots  or  dots,  much  smaller 
than  the  interspaces,  larger  again  at  base  of  anal  and  caudal; 
sometimes  the  dots  extend  over  the  fins. 

We  have  examined  14  specimens,  96  to  229  millimeters  in 
length,  from  the  following  localities: 

Olongapo,  Zambales.  Bantayan     Island     and     Cebu, 

Ambil   Island.  Cebu. 

Sibuyan  Island.  Dulag,  Leyte  Province. 

Tagapula  Island,   Samar  Prov-  Zamboanga,  Mindanao. 

ince.  Jolo,  Sulu  Province. 

Culion  Island. 

Jordan  and  Richardson  recorded  this  species  from  Cagayan- 
cillo,  Fowler  from  "the  Philippines,"  and  Fowler  and  Bean  had 
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specimens  from  Zamboanga.  This  handsome  fish  was  originally 
described  from  the  Seychelles  where,  according  to  Cuvier  and 
Valenciennes,  it  prefers  to  live  in  the  madrepore  corals.  It 
occurs  throughout  the  East  Indies,  from  Sumatra  to  the  Moluc- 
cas, and  eastward  to  the  Pelew  Islands. 

TEUTHIS    ROSTRATA    (Cuvier   and   Valenciennes).     Plate   1,   fig.    3. 

Amphacanthus  rostratus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss. 

10  (1835)  116;  Klunzinger,  Fische  des  Rothen  Meeres,  Verh.  Zool.- 

Bot.  Ges.  Wien  21    (1871)  503. 
Teuthis  rostrata  Playfair,  Fishes  of  Zanzibar  (1856)  50,  pi.  10,  fig. 

2;  Gunther,  Fische  der  Sudsee  1    (1873)   89,  pi.  60. 
Siganus  rostratus  Seale,  Occ.  Papers  Bishop  Museum  1    (1901)  111; 

Occ.  Papers  Bishop  Museum  4  (1906)  67;  Jordan  and  Seale,  Bull. 

Bur.  Fisheries  25   (1906)  360;  Jordan  and  Richardson,  Bull.  Bur. 

Fisheries  27  (1908)  271;  Fowler  and  Bean,  Proc.  U.  S.  Nat.  Mus. 

62   (1922)   58. 

Dorsal  and  ventral  profiles  of  the  elongate  compressed  body 
are  evenly  and  about  equally  arched  fron  snout  to  caudal  pe- 
duncle, the  greatest  depth  2.5  to  2.8  in  length;  head  a  trifle 
longer  than  deep,  its  upper  profile  very  slightly  arched  above 
snout,  and  almost  straight  or  a  trifle  concave  behind  it,  the 
length  3.8  to  4.4  in  total  length;  interorbital  space  moderately 
convex,  with  a  shallow  groove  along  its  middle  extending  for- 
ward to  upper  jaw,  its  least  width  almost  equal  to  eye,  which 
is  2.8  to  3.2  in  head ;  snout  longer  than  eye,  2.5  to  2.6  in  head ; 
maxillary  extends  posteriorly  to  a  little  past  vertical  from 
posterior  nostril,  1.4  in  snout,  and  about  twice  the  width  of 
preorbital  at  angle  of  mouth ;  teeth  12  or  14  on  each  side,  bifid, 
outer  lobe  large,  pointed,  microscopically  serrate,  inner  lobe 
very  snail,  pointed;  both  nostrils  rounded,  the  anterior  one 
having  a  very  high  fleshy  flap  behind  and  the  posterior  one  a 
fleshy  membrane  in  front  partly  covering  the  opening;  front 
edge  of  orbital  ring  finely  serrated;  preopercular  angle  entire 
and  slightly  produced;  a  rather  conspicuous  flat  weak  spine 
at  posterior  margin  of  opercle;  least  depth  of  caudal  peduncle 
4.3  to  5.3  in  head. 

Dorsal  spines  rather  weak,  the  middle  ones  higher  than  the 
rest,  the  last  being  the  lowest,  4.8  to  5.4  in  head;  anal  spines 
decrease  in  height  from  second  or  third,  the  last  one  much  lower 
than  the  first  and  contained  3.8  to  4.8  in  head;  dorsal  and  anal 
rays  decrease  in  height  to  the  last,  the  dorsal  rays  slightly  the 
higher,  2.1  to  2.3  in  head ;  caudal  deeply  forked,  the  upper  lobe 
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the  longer,  a  tenth  to  a  fourth  longer  than  head,  or  equal  to 
head  in  small  specimens,  3.4  to  3.75  in  length  and  1.3  to  1.4 
in  depth;  pectoral  shorter  than  head,  in  which  it  is  contained 
1.3  to  1.43  times;  longest  ventral  ray  a  trifle  longer  than  outer 
spine,  which  is  1.83  to  1.94  in  head;  inner  spine  shorter  than 
outer  one,  2  to  2.3  in  head. 

Alcoholic  specimens  violaceous  brown,  paler  and  more  or 
less  silvery  beneath,  sides  with  rounded  spots  or  short  curved 
streaks  which  were  golden  yellow  in  life,  or  the  markings  dis- 
appearing entirely;  spinous  dorsal  and  anal  rather  pale  with 
brownish  violet  blotches,  the  rayed  portions  yellowish  with 
brownish  spots;  caudal  fin  rather  indistinctly  barred  with 
transverse  brown  bands;  the  pectoral  is  yellow  and  the  ventral 
has  some  brownish  violet  blotches. 

Here  described  from  seven  specimens,  90  to  190  millimeters 
in  length,  from  the  following  localities:  Balabac,  2;  Samal  Is- 
land, Davao,  1;  Zamboanga,  Mindanao,  4. 

Jordan  and  Richardson  had  a  specimen  from  Fuga  Island, 
north  of  Luzon,  and  Fowler  and  Bean  had  four  from  Zamboanga. 

Seale's  color  notes  on  a  fresh  specimen  at  Zamboanga  are 
as  follows:  General  color  dusky  blue  with  golden  longitudinal 
lines  more  or  less  broken  up  into  round  spots,  smaller  than  the 
interspaces,  and  becoming  vertical  behind  the  head;  sides  of 
head  violet  blue  with  ten  irregular  golden  lines  below  eye;  four 
brown  crossbands  on  throat ;  dorsal  bluish  mottled  with  yellowish 
and  dull  brown,  anal  similar;  pectoral  golden;  ventral  bluish 
with  some  brownish  blotches  on  the  membrane;  caudal  grayish, 
barred  marginally  with  darker. 

The  life  colors  of  a  Samoan  specimen  were  sky  blue,  darker 
above,  vermiculated  with  golden;  dorsal  mottled  olive;  caudal 
dusky,  paler  behind;  anal  dusky;  ventral  gray,  barred  with 
dark  olive;  pectoral  golden. 

This  species,  first  collected  in  the  Red  Sea  and  afterward  at 
Zanzibar,  is  not  rare  in  the  Society,  Samoan,  Gilbert,  and  Pelew 
Islands.  It  occurs  also  at  Guam,  the  New  Hebrides,  the  Solomon 
Islands,  and  Tubuai,  one  of  the  Austral  Islands. 

TEUTHIS    HEXAGONATA    (Bleeker).     Plate   2,    fig:.    1. 

Amphacanthus  hexagonatus  Bleeker,  Nat.  Tijd.  Ned.  Ind.  7   (1854) 

41;   Weber,  Fische  Siboga  Exp.    (1913)    328. 
Teuthis  hexagonata  Gunther,  Cat.  Fishes  3    (1861)   320;  Fische  der 

Sudsee  1    (1873)   89. 
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Siganus   hexaganata   Seale,    Occ.   Papers   Bishop   Museum    1     (1901) 

111. 
Siganus  punctatus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  25   (1906) 

360. 

Depth  of  the  oblong  compressed  body  2  to  2.2  in  length; 
anterior  dorsal  and  ventral  profiles  evenly  and  strongly  convex,  or 
upper  profile  steeper  than  ventral,  or  upper  profile  somewhat 
sinuous  and  lower  in  a  bold  uniform  curve ;  head  a  little  deeper 
than  long,  its  upper  profile  a  little  steep  and  very  slightly  arched, 
3.4  to  4  in  total  length;  interorbital  space  markedly  convex,  its 
least  width  2.9  to  3.2  in  head  and  slightly  greater  than  eye  which 
is  contained  3.1  to  3.6  times;  snout  2  to  2.1  in  head  and  1.7  to  1.9 
times  maxillary,  which  is  3.5  to  3.9  in  head  and  ends  posteriorly 
below  posterior  nostril ;  width  of  preorbital  at  angle  of  mouth  a 
trifle  less  than  length  of  maxillary,  3.7  to  4.3  in  head ;  anterior 
nostril  small  and  rounded,  having  a  fleshy  rim  which  is  highest 
posteriorly;  posterior  nostril  a  little  larger  and  partly  covered 
in  front  with  a  fleshy  membrane ;  anterior  edge  of  orbital  mar- 
gin distinctly  serrated;  angle  of  preopercle  is  slightly  produced 
and  forms  a  very  shallow  notch  with  the  vertical  limb,  its  edge 
entire;  the  opercle  has  an  angular  point  at  its  hind  edge;  least 
depth  of  caudal  peduncle  3.1  to  3.6  in  head. 

Head  naked  except  on  cheek,  and  on  uppermost  portions  of 
preopercle  and  opercle ;  all  the  fins  with  the  exception  of  caudal 
also  naked;  dorsal  spines  strong,  the  middle  ones  highest,  the 
last  one  2  to  2.5  in  head;  the  very  strong  anal  spines  increase 
in  height  toward  the  last,  which  is  1.6  to  2  in  head;  soft  dorsal 
and  anal  angular  to  angulose-rounded,  of  equal  height,  1.3  to 
1.8  in  head;  caudal  fin  deeply  notched,  apex  of  notch  rounded, 
the  upper  one  of  the  long  pointed  lobes  the  longer,  the  fin  usually 
a  third  or  nearly  a  third  longer  than  head,  rarely  as  short  as 
head,  2.8  to  3.4  in  length;  the  very  broad  pectoral  nearly  as 
long  as  head,  4.4  to  4.9  in  length  and  2.1  to  2.4  in  depth  of  body; 
longest  ventral  ray  does  not  quite  reach  origin  of  anal  and  is 
slightly  longer  than  outer  spine  which  is  1.6  times  to  nearly 
twice  in  head ;  inner  ventral  spine  much  shorter  than  outer  one, 
about  2  to  2.3  in  head. 

Ground  color  in  alcohol  usually  varies  from  brown  to  blackish 
brown,  sometimes  bluish  gray,  head,  trunk,  caudal  peduncle,  and 
caudal  fin  thickly  covered  with  many  pale,  yellowish,  brown,  to 
dark  brown  spots  as  large  as  or  a  little  larger  than  the  inter- 
spaces between  them,  but  smaller  than  pupil ;  the  spots  may  be 
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rounded  or  oblong  and  are  often  more  or  less  hexagonal  through 
crowding,  the  ground  color  only  forming  a  network  between 
them ;  the  spots  may  disappear  along  the  ventral  region  from  be- 
hind ventrals  as  far  back  as  posterior  extremity  of  anal,  but  often 
the  lower  part  of  belly  and  the  region  above  anal  are  densely 
covered  with  intricately  convoluted  and  vermiculate  lines;  a 
large  irregular  blackish  blotch  on  shoulder;  my  smallest  spec- 
imen, which  is  from  Samal  Island  in  Davao  Gulf,  and  3  small 
specimens  from  Tayabas  have  the  shoulder  spot  surrounded 
by  a  broad  white  ring;  vertical  fins  and  ventrals  uniformly 
violet-brown  or  blackish  brown,  or  the  soft  dorsal  and  anal  may 
be  spotted  with  darker;  pectoral  uniformly  yellowish  or 
yellowish  brown. 

A  fresh  specimen  from  Samal  Island  was  lilac-gray,  the  dorsal 
region  and  caudal  peduncle  darker  and  more  bluish,  a  pearly  blue 
wash  over  all;  a  coral  red  spot  on  shoulder  above  upper  end  of 
posterior  margin  of  opercle ;  the  entire  body,  including  lips  and 
eyes,  covered  with  rounded  golden  spots,  those  on  caudal  smaller 
than  elsewhere  and  yellowish  brown;  ventral  margin  of  caudal 
violet;  dorsal  dusky  brown,  covered  with  reddish  brown  spots, 
the  spinous  part  with  a  colorless  margin,  soft  dorsal  spotted  all 
over ;  anal  dusky,  rays  blue,  membrane  unspotted  except  margin 
of  soft  anal  which  was  spotted  like  dorsal ;  ventral  was  brownish 
gray,  pectoral  with  a  yellowish  cast. 

The  Bureau  of  Science  collection  contains  22  specimens, 
varying  in  length  from  46  to  265  millimeters,  collected  at  the 
following  places: 

Bolinao,  Pangasinan,  3.  Dumaguete,  Oriental  Negros,  1. 

Olongapo,  Zambales,  1.  Samal  Island,  Davao  Gulf,  Min- 

Lucena,  Tayabas,  3.  danao,  2. 

Calabanga,    Camarines    Sur,   3.  Zamboanga,  Mindanao,  1. 

Calapan,  Mindoro,  2.  Pabalbag  Island,  Sulu  Province, 

Estancia,  Panay,  1.  1. 

Bantayan  Island,  2.  Sitankai,  Sulu  Province,  1. 

Cuyo  Island,  1. 

This  distinct  and  beautiful  species  is  one  of  the  largest  sig- 
anids,  reaching  a  length  of  over  300  millimeters.  It  was  first 
described  from  Cocos  Island,  which  lies  in  the  Indian  Ocean 
nearly  700  miles  southwest  of  the  western  extremity  of  Java, 
and  it  is  known  from  Sumatra  and  eastward  throughout  the 
East  Indies  to  the  Fiji  and  Samoan  Islands.  Siganus  hexago- 
natus  (Bleeker)  may  be  the  same  as  S.  punctatus  (Bloch  and 
Schneider)    after  Forster's  MSS.,  but  this  is  doubtful.     Fors- 
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ter's  specimen  came  from  New  Caledonia  and  one  should  have 
ample  material  from  that  island  in  order  to  be  certain  just  what 
fish  he  had. 

TEUTHIS    ORAMIN    (Bloch    and    Schneider).     Plate    5,    fi«r.    1. 

Amphacanthus   guttatus   var.   oramin   Bloch   and    Schneider,   Syst. 

Ichth.   (1901)   207,  pi.  48. 
Teuthis  oramin  Gunther,  Cat.  Fishes  3   (1861)  318;  Day,  Fishes  of 

India  (1878)   168,  pi.  40,  fig.  6. 
Siganus  oramin  Jordan  and  Seale,  Proc.  U.  S.  Nat.  Mus.  38   (1905) 

789;  Jordan  and  Richardson,  Bull.  Bur.  Fisheries  27  (1908)  271; 

Seale,  Philip.  Journ.  Sci.  §  D  9   (1914)    73. 
Amphacanthus  oramin  Weber,  Fische  Siboga  Exp.  (1913)  329. 
Amphacanthus  margaritiferus  Cuvier  and  Valenciennes,  Hist.  Nat. 

Poiss.  10   (1835)   109. 
Teuthis   margaritifera   Gunther,   Cat.    Fishes    3    (1861)    317;    Day, 

Fishes  of  India  (1878)  167,  pi.  40,  fig.  5. 
Amphacanthus  dorsalis  Bleeker,  Verh.  Bat.  Gen.  23   (1850)  9. 
Amphacanthus    albopunctatus    Schlegel,     Fauna    Japonica,     Pisces 

(1842)   128;  Kner,  Reise  Novara,  Fische  (1865)  206. 
Teuthis  albopunctata  Gunther,  Cat.  Fishes  3  (1861)  318;  Fische  der 

Sudsee  1   (1873)   88. 
Siganus  albopunctatus  Seale,  Philip.  Journ.  Sci.  §  D  5    (1910)   284. 

Local  name  at  Iba,  Zambales,  titang. 

Body  moderately  deep  to  slightly  elongate,  with  dorsal  and 
ventral  profiles  evenly  and  about  equally  arched  from  snout  to 
caudal  peduncle,  depth  2.4  to  2.7  in  length;  upper  profile  of 
head  a  steep,  straight,  or  nearly  straight  line  from  origin  of 
dorsal  to  eye  or  beyond,  thence  convex  to  tip  of  snout;  length 
of  head  a  trifle  greater  than  its  depth,  3.8  to  4.1  times  in  total 
length;  the  least  width  of  the  slightly  convex  interorbital  space 
a  little  less  than  eye,  which  is  2.6  to  3.4  in  head;  snout  longer 
than  eye,  2.4  to  2.6  times  in  head;  the  maxillary,  which  ends 
posteriorly  a  little  past  the  vertical  from  posterior  nostril,  is 
3.1  to  3.6  in  length  of  head  or  2  to  2.3  times  width  of  preorbital 
at  angle  of  mouth;  two  small  nostrils  in  front  of  each  eye,  the 
anterior  one  more  rounded  and  having  a  rather  low  fleshy  flap 
on  its  posterior  border;  anterior  border  of  orbital  ring  is  finely 
serrated  and  has  a  rather  sharp  spine  above  it;  the  slightly  pro- 
duced angle  of  preopercle  finely  serrated;  two  flat  weak  spines 
at  posterior  edge  of  opercle;  least  depth  of  caudal  peduncle  3.9 
to  4.5  in  head. 

A  few  scales  on  cheek,  and  uppermost  portions  of  opercle 
and  preopercle,  the  rest  of  head  naked;  third  to  seventh  dorsal 
spines  higher  than  the  rest,  last  spine  rather  low,  3.4  to  4.3  in 
head;  second,  third,  and  fourth  anal  spines  highest,  the  last 


166  The  Philippine  Journal  of  Science  1928 

one  2.5  to  3.4  in  head;  soft  dorsal  higher  than  anal  rays,  second 
or  third  ray  highest,  2  to  2.4  in  head;  anal  rays  decrease  in 
height  from  first  or  second,  which  is  2.4  to  2.7  in  head ;  caudal 
more  or  less  emarginate,  sometimes  appearing  deeply  forked 
when  relaxed  but  never  so  when  expanded,  tips  of  lobes  acute, 
the  upper  the  longer;  the  fin  longer  than  head,  3.45  to  3.75  in 
length,  1.3  to  1.5  in  depth  of  body  and  1.4  to  1.6  times  pectoral, 
which  is  1.25  to  1.35  in  head;  ventral  fin  extends  halfway 
between  anus  and  anal  fin,  its  longest  ray  as  long  as  or  longer 
than  outer  spine,  which  is  1.78  to  1.94  in  head;  inner  ventral 
spine  2  to  2.3  in  head. 

A  fresh  specimen  was  drab-gray,  head  and  body  thickly 
sprinkled  with  small  yellowish  white  spots;  dorsal  and  anal 
bluish,  clouded  with  yellowish,  spines  gray,  the  yellowish  rays 
spotted  with  brown,  forming  crossbars;  caudal  yellowish,  with 
brown  crossbars,  tip  dusky ;  ventral  bluish,  pectoral  yellow ;  two 
dark  crossbars  on  chin. 

Another  specimen  was  very  light  gray  with  a  slight  wash  of 
yellowish,  and  pale  bluish  spots  about  half  the  size  of  pupil 
scattered  all  over  head  and  body ;  three  brown  bars  over  throat 
and  under  chin;  spinous  dorsal  bluish,  spines  gray,  soft  dorsal 
bluish,  rays  yellowish  with  brown  blotches  forming  crossbars; 
spinous  anal  blue,  barred  with  brown,  soft  anal  yellowish,  with 
four  oblique  crossbars  of  brown  spots  on  rays;  the  yellowish 
caudal  darker  at  tip  and  crossbarred  with  brown;  pectoral 
yellowish,  ventral  bluish,  with  two  pale  brown  crossbars. 

A  specimen  sketched  in  color  by  the  late  T.  S.  Espinosa  was 
grape  green  on  sides  and  deep  grape  green  along  dorsal  region, 
becoming  olive  yellow  lower  down  and  pale  primrose  yellow 
on  breast,  belly,  and  lower  side  of  head;  a  dark  spot  on 
shoulder;  entire  body  strewn  with  small  pearly  white  spots 
much  smaller  than  the  interspaces,  mere  circular  dots  on  nape 
and  caudal  peduncle,  largest  and  more  or  less  elongate  along 
middle  and  lower  part  of  body ;  the  fins  typically  marked. 

The  color  of  another  fresh  specimen  was  pale  brownish  above, 
bluish  below,  the  body  covered  everywhere  with  small  pale  blue 
spots  considerably  smaller  than  the  interspaces;  a  yellowish 
brown  spot  on  shoulder ;  caudal  crossbarred  with  dark  brown. 

The  ground  color  in  alcohol  is  some  shade  of  violaceous  or 
plain  brown  or  violaceous  dusky,  the  whole  body  uniformly 
colored  or  the  belly  or  lower  half  of  body  paler  or  silvery,  snout, 
top  and  sides  of  head,  and  whole  body  sprinkled  with  many  bluish 
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white  or  white  or  pearly  spots,  much  smaller  than  the  interspaces ; 
the  spots  rounded  and  smallest  on  nape  and  along  dorsal  region, 
usually  larger  or  much  larger  and  more  or  less  oval  or  elongate 
on  middle  and  lower  parts  of  trunk;  many  specimens  have  a 
few  dark  blackish  brown  rounded  or  irregular  spots  thinly  scat- 
tered over  sides;  a  large  irregular  dark  brown  blotch  on  shoul- 
der ;  many  specimens  have  two  brown  or  dusky  bands  under  chin ; 
the  spinous  portions  of  dorsal  and  anal  pale  and  clouded  with 
brownish,  the  rays  spotted  with  brownish  or  dusky;  caudal  fin 
with  transverse  bars  of  blackish  or  brown,  which  sometimes 
disappear  in  alcohol,  especially  after  the  lapse  of  some  years; 
a  blackish  spot  on  upper  edge  of  eye. 

This  species  is  abundant  in  the  Philippines.  We  have  ex- 
amined 113  specimens,  20  to  218  millimeters  long,  from  the 
following  localities  : 


Burgos,  Ilocos  Norte,  2. 

Anda,  Pangasinan,  9. 

Bolinao,  Pangasinan,  3. 

Iba,  Zambales,  1. 

Orani,  Bataan,  1. 

Manila,  5. 

Cavite,  1. 

Nasugbu,  Batangas,  1. 

San  Miguel  Bay,  1. 

Calapan,  Mindoro,  4. 

Puerto  Galera,  Mindoro,  3. 

Concepcion,  Busuanga,  1. 

Despujols,  Tablas,  1. 

Iloilo,  Panay,  1. 

Dumaguete,  Oriental  Negros,  6. 

Bantayan  Island,  1. 

Cebu,  Cebu,  1. 

Inabanga,  Bohol,  5. 

Borongan,  Samar,  1. 


Cuyo  Island,  1. 
Canigaran,  Palawan,  1. 
Surigao,  Mindanao,  4. 
Cagayan  de  Misamis  and  Misa- 

mis,  Mindanao,  4. 
Caldera  Bay,  Mindanao,  5. 
Zamboanga,  Mindanao,  2. 
Davao,  Mindanao,  3. 
Samal  Island,  Davao  Gulf,  16. 
Tubigan  Island,  Sulu  Province, 

2. 
Bato-Bato,  Tawitawi,  2. 
Balabac,  3. 
Sandakan,  Borneo,  1. 
Hoihow,  Hainan,  5. 
Hongkong,  14. 
Amoy,  China,  1. 
Shimizu,  Japan,  1. 


Our  largest  specimen  is  a  female  nearly  ready  to  spawn, 
collected  March  12,  1927,  at  Misamis,  Mindanao. 

This  species  has  been  recorded  by  Gunther  under  the  name 
Teuthis  albopunctata  from  the  Philippine  Islands,  and  from 
Manila  by  Kner  under  the  name  Amphacanthus  albopunctatus. 
Jordan  and  Seale  had  six  specimens  from  the  southern  shore  of 
Negros,  and  Jordan  and  Richardson  had  the  fish  from  Aparri 
and  Cavite. 

This  variable  species  ranges  from  the  eastern  coast  of  Hin- 
dustan eastward  throughout  the  East  Indies,  and  along  the 
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coasts  of  China  and  southern  Japan  and  on  to  Micronesia,  where 
it  is  recorded  from  the  Pelew  Islands  and  Howland  Island,  which 
lies  east  of  the  Gilbert  Islands. 

We  are  unable  to  separate  specimens  with  smaller  spots  from 
those  with  larger  ones,  or  those  with  more  deeply  emarginate 
caudal  from  those  with  the  caudal  but  slightly  emarginate. 
Many  of  our  specimens  are  like  Day's  figure  of  Teuthis  mar- 
garitifera;  we  have  none  like  Schneider's  Plate  48,  or  Day's  poor 
figure  of  T.  oramin,  although  we  have  many  near  the  latter. 
Specimens  from  Borneo  and  the  Sulu  Archipelago  are  exactly 
like  a  specimen  from  Japan. 

TEUTHIS    SUTOR    (Cuvier    and    Valenciennes).     Plate    2,   fig.    2. 

Amphacanthus  sutor  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss.  10 

(1835)   108. 
Teuthis  sutor  Gunther,  Cat.  Fishes  3    (1861)    317;   Day,  Fishes  of 

India   (1878)    167. 

Depth  of  the  compressed  body  2.1  in  length,  dorsal  and  ventral 
profiles  similar  and  equally  curved;  head  as  long  as  deep,  3.8 
to  3.9  in  length;  the  convex  interorbital  3.1  to  3.2  in  head  and 
slightly  wider  than  eye,  which  is  3.2  to  3.3  in  head ;  snout  2  to 
2.2  times  in  head  and  nearly  twice  the  length  of  maxillary,  which 
is  3.6  to  4.1  in  head;  greatest  width  of  preorbital  almost  equal 
to  eye,  1.4  to  1.6  in  snout;  front  nostril  rounded,  the  fleshy  rim 
highest  behind;  posterior  nostril  is  a  larger  opening  covered 
with  a  membrane  in  front ;  preopercle  finely  serrated  at  its  angle 
and  on  its  inferior  limb ;  above  angle  a  very  slight  notch ;  orbital 
margin  finely  serrated  in  front;  opercle  has  two  flat  spines  at 
its  hind  border,  a  small  rather  inconspicuous  one  above  gill 
opening  and  a  larger  one  a  little  below  it ;  least  depth  of  caudal 
peduncle  exceeds  slightly  greatest  width  of  preorbital,  and  is 
2.9  to  3.1  in  head. 

Scales  present  on  cheek,  and  on  uppermost  portions  of  opercle 
and  preopercle,  the  rest  of  head  naked,  and  all  the  fins  except- 
ing caudal  naked ;  last  dorsal  spine  about  as  high  as  middle  ones, 
1.7  to  1.9  in  head;  anal  spines  increase  in  height  to  the  last 
which  is  1.5  to  1.6  in  head;  soft  dorsal  and  anal  rounded,  the 
former  slightly  the  higher,  the  longest  rays  1.4  in  head;  caudal 
fin  deeply  forked,  with  falcate  lobes,  the  upper  one  slightly  the 
longer  and  1.4  to  1.5  times  head;  pectoral  fin  a  little  shorter 
than  head,  1.1  to  1.17  in  head  and  4.2  to  4.6  in  length;  ventral 
extends  to  origin  of  anal,  shorter  than  pectoral,  1.4  to  1.6  in 
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length  of  head;  outer  ventral  spine  about  a  fifth  longer  than 
inner  one  which  is  1.9  to  2  in  head. 

The  specimens  when  fresh  were  dark  purplish  brown,  with  a 
minute  bright  pearl  white  dot  on  each  scale;  there  was  a  large 
blackish  blotch  on  shoulder;  all  the  fins  were  also  dark  purplish 
brown.  The  ground  coloration  has  not  changed  much  in  al- 
cohol. 

Here  described  from  three  fine  specimens,  167  to  182  milli- 
meters long,  taken  at  Guintacan  and  Bantayan  Islands. 

This  is  the  first  Philippine  record  of  this  species,  which  has 
heretofore  been  reported  only  from  the  Seychelles,  Reunion,  and 
the  coast  of  Malabar. 

This  distinct  and  handsome  species  reaches  a  length  of  at 
least  280  millimeters. 

TEUTHIS    PUKLLA    (Schlesel).     Plate    4,    fi*.    2. 

Amphacanthus  puellus  Schlegbl,  Bijdr.  Dierk.   1    (1852)   39,  fig.  2; 

Bleeker,  Act.  Soc.  Sci.  Indo-Neerl.  8    (1860)    36;  Weber,  Fische 

Siboga  Exp.    (1913)    329. 
Teuthis  puella  Gunther,  Cat.  Fishes  3    (1861)   323;  Bleeker,  Ned. 

Tijd.  Dierk.   1    (1863)    156,   235,   252;    2    (1865)    190,  288;    Versl. 

Akad.  Amsterdam  II  7  (1873)  37;  Gunther,  Fische  der  Sudsee  1 

(1873)  91. 
Amphacanthus  cyanotaenia  Bleeker,  Nat.  Tijd.  Ned.  Ind.  4  Nieuwe 

Serie,  1    (1853)  606. 
Siganus  zoniceps  Seale,  Occ.  Papers  Bishop  Mus.  4  (1906)  69,  fig.  18. 

The  compressed  oblong  body  slightly  elongate,  depth  2.3  to  2.5 
in  length,  dorsal  and  ventral  profiles  about  equally  elevated; 
head  as  long  as  deep,  its  length  3.5  to  3.8  in  length,  its  upper 
profile  somewhat  obtuse  and  very  slightly  arched;  least  width 
of  convex  interorbital  3.1  to  3.5  in  head,  slightly  greater  than 
eye,  which  is  3  to  3.4  in  head ;  the  slightly  elongate  snout  2  to  2.1 
in  head  and  1.7  to  1.8  in  maxillary,  which  terminates  posteriorly 
a  little  behind  anterior  nostril  and  is  about  as  long  as  width  of 
preorbital  at  angle  of  mouth ;  preopercle  finely  serrated  at  angle ; 
front  margin  of  orbital  ring  denticulate;  a  rather  obscure  flat 
weak  spine  at  posterior  edge  of  opercle. 

Scales  present  on  top  of  head  a  little  in  front  of  nape,  on 
cheek,  uppermost  portion  of  preopercle  and  opercle,  the  rest  of 
head  naked ;  last  dorsal  spine  2.3  to  3  in  head,  much  lower  than 
last  anal,  which  is  1.8  to  2.1  in  head;  in  the  young  the  posterior 
spines  of  dorsal  higher  than  the  rest,  in  the  adult  the  middle 
ones  highest;  soft  dorsal  1.5  to  1.8  in  head,  higher  than  anal, 
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which  is  1.6  to  1.8  in  head;  caudal  fin  deeply  lunate,  its  upper 
lobe  slightly  the  longer,  always  longer  than  head,  2.92  to  3.3  in 
length,  1.5  to  1.8  times  the  broad  rounded  pectoral  which  is  2 
to  2.2  in  depth  of  body  and  1.25  to  1.45  in  head;  ventral  fin 
extends  about  halfway  between  anus  and  origin  of  anal,  its 
outer  spine  much  higher  than  the  inner  one  and  1.2  to  1.5  in 
head. 

Alcoholic  specimens  brownish  violet,  with  six  deep  brown, 
somewhat  vermiculated  transverse  lines  on  anterior  portion  of 
trunk  and  with  longitudinal  streaks  of  a  like  color  posteriorly; 
a  broad  dark  brown  band  crosses  obliquely  forward  from  nape 
over  eye  to  lower  jaw;  on  the  upper  portion  of  this  band  above 
eye  are  some  darker  or  black  spots,  and  behind  it  on  preopercle 
a  few  brownish  spots;  fins  yellowish  to  yellowish  brown.  The 
distinctive  markings  usually  soon  disappear  in  alcohol  and  the 
species  is  then  very  difficult  to  determine. 

We  have  examined  nine  specimens,  121  to  227  millimeters 
long,  obtained  at  Calapan,  Mindoro;  Simara  Island,  Romblon 
Province;  Dulag,  Leyte;  Cebu,  Cebu;  Zamboanga,  Mindanao; 
and  Tawitawi  and  Bungau  Islands,  Sulu  Archipelago. 

Living  specimens  in  the  Bureau  of  Science  aquarium,  obtained 
at  Calapan,  Mindoro,  are  golden  with  a  dark  brown  band  from 
nape  across  eye  to  lower  jaw;  behind  this  a  bright,  clear,  pale 
yellow  band  across  opercle  to  throat  and  a  dark  band  behind 
it;  ventrals  whitish,  the  other  fins  all  golden,  anterior  anal  mar- 
gin golden  brown;  small  faint  blue  spots  thickly  sprinkled  over 
sides  of  head  and  anterior  two-thirds  of  body. 

Bleeker  states  that  the  color  is  dark  orange  above,  orange  on 
sides  posteriorly,  belly  pearly  rose  with  orange  spots;  anterior 
portion  of  sides  with  about  six  blue  undulate  transverse  bands, 
posteriorly  with  several  blue  longitudinal  bands,  partly  broken, 
united  before  shoulder  with  the  last  transverse  band;  snout 
olivaceous  rose,  opercle  orange  and  clouded  rose;  a  wide  deep 
brown  band  from  nape  over  eye  to  lower  jaw;  the  fin  membranes 
partly,  the  rays  orange;  the  membranes  of  spinous  dorsal  and 
anal  cloudy  orange. 

This  species  occurs  from  Celebes  and  Flores  eastward  to  the 
Pelew  and  Gilbert  Islands.  Seale  obtained  specimens,  which 
he  described  as  Siganus  zoniceps,  at  Shortland,  one  of  the  Solo- 
mon Islands. 
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TEUTHIS  VIRGATA   (Cuvier  and  Valenciennes).     Plate  4,  fiff.  3. 

Amphacanthus  virgatus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss. 

10  (1835)  97;  Schlegel  and  Muller,  Verh.  Nat.  Gesch.  Leiden  2 

(1839)   14,  pi.  3,  fig.  1. 
Teuthis  virgatus  Gunther,  Cat.  Fishes  3  (1861)  323. 
Siganus  virgatus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  26    (1907) 

35;   Jordan  and  Evermann,   Bull.   Bur.   Fisheries   26    (1907)    98; 

Seale  and  Bean,  Proc.  U.  S.  Nat.  Mus.  33    (1907)   247;  Jordan 

and  Richardson,  Bull.  Bur.  Fisheries  27  (1908)  271. 

Cuyo  name,  mandalada. 

Depth  of  the  compressed,  oblong  body  1.9  to  2.2  in  length,  its 
dorsal  and  ventral  profiles  evenly  and  about  equally  arched  from 
snout  to  caudal;  head  a  trifle  shorter  than  deep,  3.4  to  3.7  in 
length  of  body;  the  evenly  convex  interorbital  more  strongly 
arched  in  front,  making  the  upper  outline  of  snout  straight  and 
rather  steep,  its  least  width  2.8  to  3.4  in  head ;  eye  rounded,  2.7 
to  3.5  in  head;  the  moderate  snout  1.2  to  1.8  times  eye  and  2  to 
2.4  in  head;  maxillary  extends  almost  below  posterior  nostril 
and  is  1.6  to  1.9  in  snout  or  3.4  to  3.9  in  head;  width  of  preorbital 
behind  angle  of  mouth  3.4  to  4.2  in  head ;  in  front  of  each  eye  two 
small  rounded  nostrils,  the  anterior  having  a  low  fleshy  rim ;  the 
finely  serrated  angle  of  preopercle  almost  even  with  inferior  and 
vertical  edges;  posterior  margin  of  opercle  has  a  flat,  rather 
weak  spine;  least  depth  of  caudal  peduncle  3.3  to  3.7  in  length 
of  head. 

Head  unsealed  above  and  on  snout,  orbital  ring,  jaws,  chin, 
edges  of  preopercle,  and  lower  three-fourths  of  opercle ;  all  the 
fins  excepting  caudal  are  also  naked ;  spinous  dorsal  highest  along 
middle,  the  last  spine  1.8  to  2.2  in  head ;  the  middle  anal  spines 
about  as  high  as  the  last,  which  is  contained  1.5  to  1.7  in  head; 
the  soft  vertical  fins  very  slightly  angular,  dorsal  a  little  higher, 
1.4  to  1.8  in  head;  caudal  emarginate,  upper  lobe  much  longer 
than  lower,  its  length  greater  than  that  of  head,  usually  2.7  to  3 
times,  rarely  3.3  to  3.5  times  in  total  length;  caudal  1.2  to  1.4 
times  the  broad  pectoral  which  is  a  little  shorter  than  head  and 
1.8  to  2.2  in  depth  of  body;  ventral  fin  scarcely  reaches  origin  of 
anal,  1.5  to  1.66  in  head,  1.3  to  1.5  in  pectoral;  outer  ventral 
spine  nearly  as  long  as  longest  ventral  ray  and  much  longer  than 
inner  spine  which  is  about  2  to  2.4  in  head  and  1.6  to  2.2  in 
pectoral. 

In  the  Bureau  of  Science  aquarium  are  living  specimens  from 
Calapan,  Mindoro,  which  are  colored  as  follows:  A  wide  red- 
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dish  brown  band  extends  diagonally  forward  from  origin  of 
dorsal  through  eye  to  below  mouth,  and  a  similar  one  of  like 
color  from  base  of  fourth  to  sixth  dorsal  spines  to  base  of  pec- 
toral ;  these  bands  are  edged  with  bluish  and  the  space  between 
them  is  silvery  white,  as  is  the  region  in  front  of  anterior  band ; 
color  of  trunk  yellow  on  upper  posterior  portion,  passing  into 
silvery  below  and  anteriorly  immediately  behind  the  posterior 
reddish  brown  band,  and  is  overlaid  with  very  light  olive; 
spinous  dorsal  and  entire  anal  clouded  with  brownish,  soft  dor- 
sal yellow;  a  broad  white  crossband  on  caudal  peduncle;  caudal 
yellow  with  a  white  line  on  posterior  margin,  the  other  fins  pale ; 
several  diagonal  bluish  lines  on  anterior  portion  of  trunk  and  on 
each  side  of  head,  some  of  them  on  the  reddish  brown  bands; 
bluish  spots  present  also  on  each  side  of  body  and  more  nu- 
merous anteriorly  above  lateral  line ;  top  of  head  and  interorbital 
crossed  by  several  transverse  blue  lines. 

Alcoholic  specimens  are  yellowish  brown  or  violet-brown,  with 
deep  brown  transverse  lines  on  forehead  and  nape;  on  upper 
portion  of  trunk  are  scattered  bluish  spots  which  become  less 
numerous  posteriorly;  a  wide  deep  brown  band  runs  diagonally 
downward  and  forward  from  origin  of  dorsal  through  eye  and 
below  jaws  to  throat,  where  it  joins  its  fellow,  and  a  second  one 
from  sixth  and  seventh  dorsal  spines  to  base  of  pectoral,  both 
bands  edged  with  bluish;  some  bluish  oblique  streaks  on  snout; 
all  the  fins  unmarked  and  lighter  in  color  than  body. 

Of  this  species  we  have  examined  specimens  ranging  in  length 
from  30  to  190  millimeters,  from  the  following  localities : 


Masbate  Island,  2  females  in 
near-spawning  condition, 
taken  June  2,   1922. 

Bantayan  Island,  5. 

Cebu,  Cebu,  1. 

Inabanga,  Bohol,  1. 

Dumaguete,  Oriental  Negros,  2. 

Cuyo  Island,  1. 

Puerto  Princesa,  Palawan,  2. 

Balabac  Island,  2. 

Samal  Island  and  Zamboanga, 
Mindanao,  5. 

Bungau,  Sulu  Archipelago,  2. 

This  fish  has  been  recorded  from  the  Philippines  by  Giinther ; 
from  Panay  Island  by  Jordan  and  Seale;  from  Cuyo  by  Jordan 
and  Richardson ;  from  Bacon,  Sorsogon,  by  Evermann  and  Seale ; 


Balaoan,  La  Union,  1. 

Bolinao,  Pangasinan,  3. 

Olongapo,  Zambales,  a  ripe  fe- 
male, 159  millimeters  long, 
collected  April  7,  1921. 

Monja  Island,  Corregidor,  2. 

Calabanga,  Camarines  Sur,  1. 

Puerto  Galera,  Mindoro,  a  ripe 
female,  190  millimeters  long, 
taken  in  April,  1912. 

Calapan,  Mindoro,  35. 

Bulalacao   Bay,   Mindoro,   1. 


35, 2  Herre  and  Montalban:  Philippine  Siganids  173 

and  from  Zamboanga  by  Seale  and  Bean.     It  is  very  common 
around  reefs  in  all  parts  of  the  Philippines. 

It  is  known  from  the  Andamans  to  the  Malay  Archipelago  and 
ranges  northward  to  the  coast  of  China. 

TEUTHIS    DOLIATA    (Cuvier).     Plate    2,    &g.    3. 

Siganus  doliatus  Cuvier,  Regne  Anim.  Guerin,  Icon.  Poiss.  4  (1830) 
pi.  36,  fig.  1;  Jordan  and  Seale,  Bull.  Bur.  Fisheries  25  (1906)  359. 

Amphacanthus  doliatus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss. 
10  (1835)  96;  Cuvier,  Regne  Anim.  Disciples'  ed.  Poiss.  Atlas  8 
(1836)  pi.  71,  fig.  1;  Kner,  Novara  Reise,  Fische  (1865)   209. 

Teuthis  doliata  Gunther,  Cat.  Fishes  3  (1861)  323;  Fische  der  Sudsee 
1    (1873)   90;  Peters,  Monatsber.  Akad.  Wiss.  Berlin  (1876)   835. 

Depth  of  the  oblong  appressed  body  2.1  in  length;  head  shorter 
than  deep,  3.6  in  length,  upper  profile  rather  conspicuously 
arched  in  front  of  eyes,  giving  a  moderately  steep  and  straight 
outline  to  snout;  the  slightly  convex  interorbital  3.3  in  head  and 
slightly  narrower  than  eye,  which  is  2.9  in  head;  snout  2.2  in 
head  and  1.8  times  maxillary,  which  reaches  nearly  below  pos- 
terior nostril;  width  of  preorbital  at  angle  of  mouth  4.3  in 
head  and  twice  in  snout ;  14  brown  tridentate  teeth  on  each  side 
in  both  jaws,  the  central  point  of  each  tooth  large,  the  lateral 
ones  very  small;  the  two  nostrils  in  front  of  each  eye  simple 
rounded  openings;  angle  of  preopercle  a  little  prolonged  and 
finely  serrated;  orbital  ring  finely  serrated  in  front;  a  flat  weak 
spine  at  posterior  edge  of  opercle;  depth  of  caudal  peduncle 
equal  to  least  width  of  interorbital  space. 

Scales  absent  above  and  behind  eyes,  on  snout,  preorbital, 
lips,  chin,  edges  of  preorpercle,  and  opercle ;  all  the  fins  except- 
ing caudal  also  naked;  middle  dorsal  spines  higher  than  the 
rest,  the  last  one  twice  in  head;  the  anal  spines  increase  in 
height  to  the  last  which  is  1.7  in  head;  both  soft  dorsal  and  anal 
angular  and  equal  in  height,  their  longest  rays  1.5  in  length  of 
head ;  the  moderately  concave  caudal  a  trifle  longer  than  head ; 
pectoral  shorter  than  head  and  about  twice  in  depth  of  body; 
ventral  fin  reaches  nearly  to  origin  of  anal,  its  rays  1.6  in  head 
and  1.3  in  pectoral,  its  outer  spine  longer  than  the  inner  one,  1.7 
in  head,  the  inner  spine  1.95  in  head. 

Color  in  alcohol  dark  brown  dorsally,  paling  to  creamy  and 
very  pale  brown  on  sides  of  head  and  breast;  ventral  half  of 
side  pale  olive  buff ;  sides  with  more  than  twenty  vertical  bluish 
lines,  many  of  them  looped  above  and  below,  the  anterior  and 
posterior  ones  bent  below  and  running  longitudinally  backward 
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below  middle  of  side  and  along  lower  part  of  caudal  peduncle; 
some  of  the  lines  on  posterior  half  reticulated ;  dorsally  the  lines 
fade  to  dark  brown ;  top  of  head  and  snout  barred  by  transverse 
lines,  side  of  head  obscurely  barred  and  reticulated. 

Here  described  from  the  only  specimen  in  the  Bureau  of 
Science  collection,  141  millimeters  long,  collected  at  Puerto  Prin- 
cesa,  Palawan.  This  fish,  which  is  new  to  the  Philippines,  is 
known  from  the  Moluccas,  the  New  Hebrides,  Santa  Cruz, 
Pelew,  Caroline,  Fiji,  and  Society  Islands. 

TEUTHIS  TETRAZONA   (Bleeker). 

Amphacanthus  tetrazona  Bleeker,  Nat.  Tijd.  Ned.  Ind.  8  (1855)  441. 
Teuthis  tetrazona  Gunther,  Cat.  Fishes  3   (1861)  323. 
Siganus  tetrazonus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  26  (1907) 
35. 

The  body  is  oblong,  compressed,  the  height  between  the  first  dorsal 
spine  and  the  anterior  ventral  spine  about  3,  between  the  7th  dorsal  spine 
and  the  first  anal  spine  about  two  and  three  fifths  in  its  length,  breadth 
3  to  3 i  in  its  height;  the  head  almost  4  in  the  body  length,  scarcely  longer 
than  high;  the  rostro-dorsal  line  concave  on  top  of  the  snout,  convex  before 
the  eyes;  the  diameter  of  the  eye  about  2§  in  the  length  of  the  head; 
the  orbital  bones  denticulate;  the  interocular  line  is  slightly  convex;  the 
snout  is  sharp,  without  the  superior  maxilla  shorter  than  the  eye;  teeth 
on  each  side  of  the  maxilla  about  24,  below  the  emarginate  apex  subtri- 
lobate;  the  suborbital  bone  at  the  angle  of  the  mouth  shorter  than  the 
diameter  of  the  eye;  the  opercle  and  preopercle  scarcely  or  not  striated; 
the  scales  are  very  small,  hardly  noticeable  behind  the  shoulder  girdle, 
the  others  uniform;  the  lateral  line  is  of  subcontiguous  tubules,  each  tubule 
characterized  by  a  toothless  branch  above;  the  first  dorsal  scarcely  notched 
between  the  spinous  and  rayed  part,  the  spines  large,  the  9th  and  10th 
longer  than  the  others,  about  2§  in  the  body  height,  the  first  shorter  than 
the  others;  the  soft  dorsal  a  little  lower  than  the  spinous  dorsal,  obtusely 
rounded;  the  pectoral  tip  acutely  rounded,  about  5i,  the  ventral  about  7, 
the  caudal  a  little  notched,  the  lobes  rounded,  about  5§  in  the  length  of 
the  body;  the  anal  spines  strong,  the  posterior  ones  longer  than  the  others, 
the  soft  part  convex  and  scarcely  higher;  the  color  of  the  body  and  fins 
beautiful  yellow;  the  back  with  4  pairs  of  transverse  undulate  dusky  bands 
descending  below  the  middle  of  the  side,  the  anterior  band  about  under 
the  third  dorsal  spine,  the  second  under  the  seventh  and  eighth  dorsal 
spines,  the  third  under  the  eleventh  and  twelfth  dorsal  spines,  the  fourth 
under  the  third  and  fourth  dorsal  rays.     (Bleeker.) 

The  length  given  in  the  above  measurements  evidently  includes 
the  caudal  fin.  Jordan  and  Seale  had  3  small  specimens  from 
Manila  and  2  from  Cavite,  the  largest  128  millimeters  long. 
Their  description  follows,  the  caudal  not  included : 

Head  3.5  in  length;  depth  2.1;  eye  3.1  in  head;  snout  2.5.  Color  in 
spirits  bluish  white,  with  4  broad  cross-bands  of  dusky  over  back  and  down 
one  side;  base  of  caudal  dusky;  fins  splotched  with  dusky. 
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The  Bureau  of  Science  collection  contains  ten  immature  spec- 
imens, 21  to  25  millimeters  in  length,  collected  by  Alvin  Seale  at 
Zamboanga,  Mindanao,  and  determined  by  him  as  Siganus  tetra- 
zonus.  They  are  uniform  brown  except  on  the  breast  and  belly, 
which  are  bright  silver;  the  opercles  also  have  a  silvery  sheen; 
some  of  them  show  the  four  dusky  bands  inclined  diagonally 
forward,  much  as  described  by  Bleeker,  but  most  of  them  have 
only  dusky  spots  along  the  base  of  the  dorsal,  the  rest  of  the  bands 
having  faded. 

Bleeker  had  one  lone  specimen,  64  lines  (about  133  milli- 
meters) long,  from  Manado,  Celebes. 

We  doubt  the  validity  of  this  species.  It  is  probably  a  color 
phase  of  T.  concatenate,  as  indicated  in  our  remarks  under  that 
species. 

TEUTHIS   JAVUS   Linnaeus.     Plate   5,   fisr.    3. 

Teuthis  javus  Lnn^eus,  Syst.  Nat.  ed.  12  1  (1766)  507;  Gunther, 
Cat.  Fishes  3  (1861)  315;  Meyer,  Ann.,  Soc.  Espafia  Hist.  Nat. 
14   (1885)    22. 

Amphacanthus  javus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss. 
10   (1835)  86. 

Siganus  javus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  26  (1907)  35; 
Evermann  and  Seale,  Bull.  Bur.  Fisheries  26  (1907)  98;  Jordan 
and  Richardson,  Bull.  Bur.  Fisheries  27  (1908)  271;  Fowler  and 
Bean,  Proc.  U.  S.  Nat.  Mus.  62  (1922)  57. 

The  greatest  depth  of  the  compressed,  ovate-oblong  body  is 
at  origin  of  anal  fin,  2.1  to  2.3  in  length,  back  and  abdomen 
evenly  and  equally  arched  from  snout  to  caudal  peduncle ;  length 
of  head  equals  its  depth,  3.6  to  4.2  in  total  length,  upper  profile 
steeply  inclined,  forming  a  straight  or  nearly  straight  line  from 
origin  of  dorsal  to  tip  of  snout;  interorbital  space  is  moder- 
ately convex  and  has  a  central  shallow  groove  which  narrows 
anteriorly,  its  least  width  2.9  to  3.3  in  head ;  the  rounded  eye  2.7 
to  3.5  in  head,  anterior  edge  of  orbital  ring  serrated ;  the  obtuse 
snout  2.4  to  2.6  in  head  and  1.4  to  1.6  in  maxillary,  which  is 
contained  3.5  to  3.9  in  head  and  extends  posteriorly  to  below 
posterior  nostril;  width  of  preorbital  at  posterior  end  of  max- 
illary 2.3  to  2.8  in  length  of  snout  or  5.6  to  7.2  in  that  of  head ; 
the  two  nostrils  in  front  of  each  eye  small,  the  anterior  one 
rounded  and  having  a  fleshy  flap  behind;  preopercle  somewhat 
indistinctly  serrated  at  its  angle;  opercle  armed  with  a  flat 
weak  spine  at  its  hind  border ;  least  depth  of  caudal  peduncle  3.5 
to  4  in  length  of  head. 
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Head  scaled  on  cheek,  uppermost  angle  of  preopercle  behind 
eye,  and  upper  part  of  opercle,  the  remaining  portions  naked; 
fourth  dorsal  spine  highest,  equal  to  head  without  snout,  the  last 
one  2.1  to  2.9  in  head,  equal  to  or  a  little  more  or  less  than  snout; 
third  and  fourth  anal  spines  higher  than  the  rest,  seventh  or  last 
spine  1.7  to  2.1  in  head;  both  soft  dorsal  and  anal  rounded, 
the  former  slightly  the  higher,  its  longest  rays  1.5  to  1.8  in  head; 
the  lunate  caudal  longer  than  head,  3.1  to  3.7  in  length,  its  lobes 
equal;  pectoral  shorter  than  head  and  1.4  times  ventral,  which 
reaches  a  little  more  than  halfway  to  anal ;  outer  spine  of  ventral 
1.75  to  1.9  in  head,  longer  than  inner  one  which  is  contained  1.8 
to  2.4  in  pectoral. 

Ground  color  of  living  specimens  in  the  Bureau  of  Science 
aquarium,  collected  at  Calapan,  Mindoro,  is  greenish,  with  large, 
more  or  less  rounded  bluish  white  spots  along  back,  these  be- 
coming elongated  on  sides,  confluent  and  forming  longitudinal 
streaks  and  stripes  on  abdomen,  narrower  than  the  interspaces ; 
caudal  fin  dusky  with  darker  edges,  the  other  fins  light  orange; 
ventral  spines  white. 

In  alcohol  the  ground  color  is  brown,  becoming  much  lighter 
on  abdomen ;  on  head  and  back  many  bluish  white  rounded  spots, 
becoming  oblong  on  middle  of  sides,  elongated,  confluent,  and 
forming  longitudinal  lines  on  abdomen ;  vertical  fins  and  caudal 
uniformly  brownish  violet ;  pectoral  and  ventrals  yellowish ;  in 
one  specimen  all  the  fins  are  blackish. 

We  have  examined  21  specimens  in  the  Bureau  of  Science 
collection,  ranging  from  33  to  280  millimeters  in  length,  from 
the  following  localities:  Olongapo,  Zambales;  Malabon,  Rizal 
Province;  Manila;  San  Miguel  Bay  and  Calabanga,  Camarines 
Sur;  Pinamalayan,  Mindoro;  Catbalogan,  Samar;  Estancia, 
Panay;  Dulag,  Leyte;  Dumaguete,  Oriental  Negros;  Balabac  Is- 
land; and  Sandakan,  Borneo. 

Meyer  collected  specimens  from  Manila  Bay  and  at  Cebu; 
Jordan  and  Seale  had  it  from  Cavite ;  Evermann  and  Seale  from 
Bulan,  Sorsogon;  Jordan  and  Richardson  from  Manila  and 
Cebu;  and  Fowler  and  Bean  from  Cebu. 

This  well-defined  species  occurs  from  Ceylon  to  Hobson  Bay, 
near  Melbourne,  Australia. 

TEUTHIS   LINE  AT  A    (Cuvier  and   Valenciennes). 

Amphacanthus  lineatus  Cuvier  and  Valenciennes,  Hist.  Nat.  Poiss. 
10   (1835)  95,  pi.  286. 
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Teuthis  lineata  Gunther,  Cat.  Fishes  3   (1861)  322. 
Siganus  lineatus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  26   (1907) 
35. 

The  height  of  the  body  is  two  and  a  half  times  in  the  length,  and  the 
head  four  times  and  a  half.  The  spines  are  of  moderate  height,  and  the 
tail  feebly  cut  into  a  crescent;  the  spines  are  very  strong  and  striated. 
In  alcohol  it  appears  brown,  but  clear  towards  the  belly,  with  longitudinal 
lines  little  evident  and  dark  brown  spots  on  the  tail.  Three  or  four  oblique 
bluish  lines  show  under  the  eye  and  on  the  jaw.  In  the  fresh  state, 
according  to  the  naturalists  who  found  it  and  whose  description  we  cite, 
it  is  of  a  bluish  white.  The  tawny  longitudinal  lines  traverse  its  length 
to  the  number  of  9  or  10,  forming  upon  the  back  isles  and  knots,  interrupted 
on  the  belly  and  reduced  to  dots  near  the  anal;  upon  the  head  the  lines  are 
alternately  reddish  and  blue,  descending  obliquely  forward.  The  spinous 
part  of  the  dorsal  and  anal  is  yellowish;  the  soft  part  and  likewise  the 
caudal  are  purplish  brown;  reddish  or  brown  spots  are  sprinkled  upon  the 
end  of  the  caudal  peduncle,  the  caudal,  and  the  soft  dorsal  and  anal.  The 
ventrals  and  pectorals  are  yellowish.  The  back  has  a  large  yellow  spot 
under  the  soft  dorsal,  sprinkled  with  smallblack  dots  and  surrounded  by 
a  red  circle.     (Valenciennes.) 

The  length  given  in  the  above  measurements  evidently  includes 
the  caudal.  According  to  the  figure  the  depth  is  twice  in  the 
length  without  the  caudal,  the  head  almost  4  times.  Jordan 
and  Seale  had  a  specimen,  about  145  millimeters  long,  from 
Manila ;  their  description  is  as  follows : 

Head  3.75  in  length;  depth  2;  eye  3  in  head.  Color  in  spirits  bluish  gray 
with  brown  dots  or  lines,  the  lines  on  upper  part  of  body  usually  sur- 
rounding light  bluish  spots,  some  specimens  (not  all)  showing  a  yellowish 
blotch  at  base  of  soft  dorsal,  and  corresponding  in  every  respect  to  the 
figure  of  Cuvier  and  Valenciennes  (Hist.  Nat.  Poiss.,  plate  286) ;  belly 
yellowish  white;  fins  with  grayish  wash.  One  specimen  from  Manila, 
length  5.75  inches. 

While  there  is  a  discrepancy  in  their  account,  it  is  evident 
that  they  had  one  specimen  of  T.  lineata.  We  have  seen  no 
specimens  of  this  species,  which  is  readily  recognized  by  the 
conspicuous  coloration  of  the  spot  under  the  soft  dorsal,  and 
the  lines  on  the  sides  of  the  body.  Except  for  the  Manila  spec- 
imens, it  is  only  known  from  Vanicolo,  one  of  the  Santa  Cruz 
islands,  where  it  is  common,  and  from  New  Guinea. 

TEUTHIS  STRIOLATA  G anther.    Plate  5,  fig.  2. 

Teuthis  striolata  Gunther,   Cat.   Fishes   3    (1861)    319;    Fische  der 

Siidsee  1    (1873)   89,  text  only. 
Siganus  striolatus  Seale,  Occ.  Papers  Bishop  Mus.  4   (1906)   69. 
Amphacanthus  striolatus  Weber,  Fische  Siboga  Exp.    (1913)  329. 
Siganus  marmoratus  Jordan  and  Seale,  Bull.  Bur.  Fisheries  26  (1907) 

35;  ?  Jordan  and  Richardson,  Bull.  Bur.  Fisheries  27  (1908)  271. 
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Depth  of  the  compressed,  rather  elongate  body  2.5  to  3  in 
length,  both  dorsal  and  ventral  outlines  evenly  and  about  equally 
curved  from  snout  to  caudal;  the  head  is  very  slightly  arched 
above  and  has  a  somewhat  conspicuous  swelling  in  front  of 
eyes,  causing  the  upper  profile  of  snout  to  be  steep;  length  of 
head  equal  to  its  height,  3.7  to  4.1  in  total  length;  interorbital 
space  almost  flat,  its  least  width  3.3  to  3.8  in  head ;  the  rounded 
eye  slightly  shorter  than  snout,  2.6  to  2.9  in  head,  edge  of  orbital 
ring  entire;  snout  broad  posteriorly  and  rather  short,  2.4  to 
2.6  in  head ;  maxillary,  which  extends  back  a  little  behind  a  ver- 
tical from  posterior  nostril,  shorter  than  snout,  2.4  to  2.9  times 
width  of  preorbital  at  angle  of  mouth ;  the  two  nostrils  in  front 
of  each  eye  rounded,  the  anterior  one  slightly  the  smaller  and 
having  a  very  high,  rather  wide  fleshy  flap  behind;  angle  of 
preopercle  has  a  few  indistinct  serrse  at  its  edge  and  forms  a 
very  shallow  notch  with  the  vertical  limb;  a  flat,  weak  spine 
fairly  conspicuous  on  posterior  edge  of  opercle;  least  depth  of 
caudal  peduncle  3.8  to  4.6  in  head. 

Cheek,  uppermost  portions  of  opercle,  and  preopercle  covered 
with  scales,  the  rest  of  head  naked;  caudal  fin  thickly  scaled 
near  base,  the  other  fins  naked;  dorsal  spines  of  moderate 
strength,  the  middle  ones  the  highest,  the  last  spine  2.6  to  3.1 
in  head;  middle  anal  spines  the  highest,  the  last  one  2  to  2.5 
in  head;  both  soft  dorsal  and  anal  rounded,  the  former  a  little 
higher  and  contained  1.6  to  1.7  in  head;  the  slightly  emarginate 
caudal  shorter  than  head,  1.5  to  1.7  in  depth  of  body,  1.09  to 
1.21  in  head;  the  broad  pectoral  still  shorter  than  caudal  fin, 
1.2  to  1.38  in  head  and  1.2  to  1.5  times  ventral  fin,  which  reaches 
about  halfway  between  anus  and  origin  of  anal;  outer  ventral 
spine  1.63  to  1.9  in  head,  longer  than  inner  one,  which  is  1.4 
to  1.7  in  pectoral,  1.8  to  2.1  in  head. 

Living  specimens  in  the  Bureau  of  Science  aquarium,  collected 
at  Calapan,  Mindoro,  are  greenish  on  upper  half  of  body,  whitish 
on  lower  half,  and  are  covered  all  over  with  brilliant  bluish  ver- 
miculated  lines;  there  are  transverse  bluish  lines  on  caudal  pe- 
duncle; dorsal  and  anal  yellowish,  their  rayed  portions  spotted 
with  brownish;  caudal  fin  mottled  with  yellowish  and  dusky, 
its  upper,  lower,  and  hind  margins  darker;  both  pectoral  and 
ventrals  whitish. 

Color  in  alcohol  browTnish  to  rich  reddish  or  blackish  dark 
brown,  paler  to  bluish  ventrally,  covered  with  many  narrow 
vermiculated  lines  which  often  anastomose  to  form  reticulations, 
especially   dorsally,   and   become  sinuously   longitudinal   along 
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sides,  usually  more  or  less  vertical  below  soft  dorsal  and  on 
caudal  peduncle;  a  dark  crossband  on  base  of  caudal  peduncle, 
bounded  by  a  narrow  clear  crossband  on  each  side ;  dorsal  spines 
vaguely  spotted,  spinous  dorsal  and  anal  clouded  with  brown  or 
with  a  vague  longitudinal  band  of  brown  or  violet-brown;  soft 
dorsal  and  anal  crossbanded  by  alternate  rows  of  brownish  or 
dark  brown  and  pale  spots;  caudal  barred  by  four  or  five  ir- 
regular dark  crossbands,  distinct  on  upper  and  lower  margins 
but  usually  vague  within ;  pectoral  yellowish  to  almost  colorless ; 
only  one  or  two  specimens  have  the  fins  unspotted  and  all  show 
bars  on  caudal;  some  have  a  very  dark  crossbar  on  base  of 
caudal  fin. 

We  have  examined  41  specimens,  36  to  155  millimeters  in 
length,  from  the  following  localities : 

Luna,  La  Union,  4.  Bantayan  Island,  1. 

Nalvo,  La   Union,  2.  Tacloban,  Leyte  1. 

Paraoir,  La  Union,  2.  Canigaran,  Palawan,  6. 

Bolinao,  Pangasinan,  5.  Dumaguete,  Oriental  Negros,  1. 

Calapan,  Mindoro,  9.  Zamboanga,  3. 

Pinamalayan,  Mindoro,  5.  Guam,  2. 

Jordan  and  Seale  had  a  specimen  from  Manila  which  was 
evidently  this  species,  and  Jordan  and  Richardson  had  one  from 
Calayan  which  was  probably  Siganus  striolattcs.  It  has  been 
recorded  from  the  New  Hebrides,  Solomon,  Samoa,  Friendly,  and 
Society  Islands  by  Giinther,  and  from  the  Society  Islands  by 
Seale;  Weber  obtained  it  at  Obi  Major,  one  of  the  Moluccas,  and 
Biaru,  one  of  the  Sangir  group. 

From  T.  marmorata,  with  which  it  has  been  confused,  it  may 
be  distinguished  by  the  narrow  vermiculated  lines,  which  are 
broader  than  the  interspaces  in  T.  marmorata,  and  by  the  pres- 
ence of  the  characteristic  crossbars  on  the  caudal  peduncle  and 
caudal  fin. 

TEUTHIS   VERMICULATA    (Cuvier   and   Valenciennes).     Plate   3,   fig.    1. 

Amphacanthus  vermiculatus  Cuvier  and  Valenciennes,  Hist.   Nat. 

Poiss.   10    (1835)    92;   Bleeker,  Verh.  Bat.  Gen.   23    (1850)    Teu- 

thieden,  11;  Weber,  Fische  Siboga  Exp.  (1913)  326. 
Teuthis  vermiculata  Gunther,  Cat.  Fishes  3  (1861)  317;  Day,  Fishes 

of  India    (1878)    166,  pi.  40,  fig.  1. 
Siganus  vermiculatus  Evermann  and  Seale,  Bull.  Bur.  Fisheries  26 

(1907)  98;  Seale  and  Bean,  Proc.  U.  S.  Nat.  Mus.  33  (1907)  248; 

Seale,  Philip.  Journ.  Sci.  §  D  5    (1910)   283. 

The  compressed  oblong  body  rather  deep,  its  depth  1.9  to  2 
in  length,  dorsal  and  ventral  profiles  evenly  and  equally  arched; 
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head  as  deep  as  long,  3.3  to  3.7  in  length,  1.7  to  2  in  greatest 
depth  of  body,  its  upper  outline  slightly  arched  in  front  of  eyes ; 
width  of  the  slightly  convex  interorbital  2.8  to  3.2  in  head;  the 
rounded  eye  1.3  to  1.7  in  snout,  which  is  2  to  2.3  in  head;  maxil- 
lary extends  almost  below  posterior  nostril,  3.3  to  3.6  in  head; 
width  of  preorbital  at  angle  of  mouth  less  than  length  of  maxil- 
lary and  about  twice  in  snout ;  two  small  nostrils  present  before 
each  eye,  the  anterior  one  rounded  and  the  other  a  crescentlike 
slit;  preopercle  finely  serrated  at  its  angle,  which  is  slightly 
produced  behind;  a  flat  hidden  spine  present  at  posterior  edge 
of  opercle ;  front  edge  of  orbital  ring  with  fine  but  rather  strong 
teeth;  least  depth  of  caudal  peduncle  3.2  to  3.3  in  length  of 
head. 

Head  naked  above  and  behind  eyes,  on  snout,  preorbital,  lips, 
chin,  limbs  of  preopercle,  and  opercle ;  caudal  fin  scaly,  especially 
near  base,  all  the  other  fins  naked;  dorsal  spines  rather  strong, 
the  last  one  highest,  1.7  to  1.8  in  head;  anal  spines  evenly 
graduated  to  the  last  which  is  the  highest,  1.4  to  1.5  in  head; 
the  soft  vertical  fins  rounded  and  equal  in  height,  the  longest 
rays  1.2  to  1.3  in  head;  caudal  fin  slightly  emarginate,  the  lobes 
equally  forked,  3.5  to  4.1  in  length  of  body;  pectoral  fin  less 
than  half  the  greatest  depth  of  body,  1.2  to  1.3  in  head,  and 
much  longer  than  ventral  which  scarcely  reaches  anal  fin ;  outer 
ventral  spine  longer  than  inner  one,  1.5  to  1.6  in  pectoral,  1.75 
to  2  in  head. 

In  alcohol  the  ground  color  is  brown,  nearly  white  on  belly; 
the  entire  head  and  trunk  covered  with  vermiculated  bluish 
white  lines,  running  longitudinally;  vertical  fins  brownish  violet 
with  darker  spots  near  their  base;  caudal  fin  spotted  all  over 
with  violet-brown;  pectoral  uniformly  yellowish  and  ventrals 
slightly  washed  with  violet. 

Here  described  from  forty-six  specimens,  27  to  164  millimeters 
long,  collected  at  the  following  places:  Burgos,  Ilocos  Norte; 
Luna,  La  Union;  Agno  River,  Pangasinan;  Biga-a  River  and 
Legaspi,  Albay;  Jordan,  Guimaras  Island;  Cabalian,  Leyte; 
Loay,  Bohol;  and  Zamboanga  and  Davao,  Mindanao.  The  Bu- 
reau of  Science  collection  also  has  a  fine  large  specimen,  211 
millimeters  long,  from  Sandakan,  Borneo. 

Gunther  recorded  this  species  from  the  "Philippine  Islands ;" 
Evermann  and  Seale  listed  it  from  San  Fabian,  Pangasinan, 
Bacon,  Sorsogon,  Zamboanga,  and  "the  Philippines;"  Seale  and 
Bean  had  specimens  from  Zamboanga. 
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Elsewhere  it  is  known  from  Isle  de  France  throughout  the 
East  Indies  to  New  Guinea,  and  eastward  to  the  Solomon  and 
Admiralty  Islands.  It  attains  a  length  of  at  least  290  mil- 
limeters. 

Genus   LO  Seale 

Lo  Seale,  Occ.  Papers  Bishop  Mus.  4  (1906)  71. 

From  Siganus,  to  which  Lo  is  very  close,  indeed,  the  latter 
can  be  distinguished  at  a  glance  by  the  slender,  elongate,  laterally 
flattened,  tubulate  snout  which  forms  a  short  beak,  and  by  the 
depressed  anterior  profile,  which  impart  an  aspect  altogether 
different  from  that  of  any  other  siganid,  all  the  rest  having 
a  more  or  less  convex  profile  to  the  head.  The  shape  of  the 
body  is  also  different,  being  more  rectangular.  Pyloric  caeca 
3  +  2,  one  on  each  side  very  small.  In  other  respects  it  does 
not  diverge  materially  from  Siganus.  Both  of  the  species  of 
Lo  are  of  singular  beauty. 

Key  to  the  species  of  Lo, 

a\  A  large  blackish  lateral  spot  below  base  of  posterior   spines  and  an- 
terior rays  of  dorsal L.  unimaculatus. 

a2.  No  large  dark  lateral  blotch  on  body L.  vulpinus. 

LO  UNIMACULATUS  Evermann  and  Seale.     Plate  3,  fig.  2. 

Lo  unimaculatus  Evermann  and  Seale,  Bull.  Bur.  Fisheries  26  (1907) 
99,  fig.  19. 

Body  compressed  and  moderately  elongate  with  upper  and 
lower  profiles  nearly  parallel  from  origin  of  dorsal  to  origin 
of  rayed  dorsal,  its  greatest  depth  2.1  in  length;  head  produced 
and  longer  than  deep,  its  length  3.1  to  3.2  times  in  that  of 
body  and  its  upper  outline  a  little  concave;  the  unevenly  and 
slightly  convex  interorbital  very  slightly  wider  than  eye  which 
is  contained  3.9  to  4  in  head;  the  elongate  tubular  beaklike 
snout  1.8  in  head  and  2.7  to  2.8  times  maxillary  which  is  about 
5  in  head;  mouth  small,  terminal,  with  about  12  teeth  on  each 
side  of  both  jaws,  those  of  upper  jaw  brown-tipped,  those  of 
lower  jaw  smaller  and  plain  white;  preorbital  1.3  in  snout  or 
2.3  to  2.4  in  head  at  its  greatest  depth;  two  very  small  nostrils 
in  front  of  each  eye,  the  anterior  one  in  a  low  tube  and  the 
other  a  simple  opening;  a  rather  indistinct  notch  above  angle 
of  opercle,  which  is  minutely  serrated,  as  is  the  inferior  edge; 
preopercle  unarmed;  least  depth  of  caudal  peduncle  less  than 
half  the  length  of  snout,  3.9  to  4.5  in  head ;  head  scaled  on  cheek 
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and  on  upper  angles  of  opercle  and  preopercle ;  trunk  and  caudal 
peduncle  completely  covered  with  minute  cycloid  scales;  caudal 
fin  scaly,  the  other  fins  naked;  middle  dorsal  spines  highest, 
the  last  2  to  2.2  in  head;  last  anal  spine  highest,  about  as  long 
as  snout,  1.8  to  2  in  head;  the  soft  portions  of  dorsal  and  anal 
slightly  angular,  the  former  slightly  the  higher  and  1.5  to  1.7 
in  head;  the  moderately  forked  caudal  shorter  than  head,  3.6 
to  4.3  in  length  of  body;  pectoral  about  as  long  as  from  tip 
of  snout  to  posterior  margin  of  pupil,  1.27  to  1.37  in  head,  or 

4.1  to  4.4  in  length;  ventral  extends  to  base  of  first  anal  spine, 
1.5  to  1.6  in  head;  last  ray  about  as  long  as  outer  spine,  which 
is  1.3  to  1.4  times  inner  one. 

Alcoholic  specimens  mottled  with  brownish;  a  broad  blackish 
band  extends  from  origin  of  dorsal  through  eye  to  mouth,  unit- 
ing with  the  other  on  opposite  side  at  both  ends,  inclosing  a 
paler  longitudinal  area  on  top  of  head;  breast  blackish,  this 
color  extending  to  above  base  of  pectoral  and  to  outer  spine 
and  ray  of  ventral  fin;  a  large  blackish  blotch  of  circular  or 
irregular  shape  on  lateral  line  below  posterior  spines  and  an- 
terior rays  of  dorsal;  dorsal,  anal,  and  caudal  yellowish  white, 
or  dorsal  spines  brownish  yellow  anteriorly,  or  first  dorsal  spine 
may  be  blackish ;  a  dusky  line  on  both  sides  of  each  anal  spine ; 
first  pectoral  ray  blackish,  the  rest  of  the  fin  very  pale  yellowish. 

We  have  4  specimens,  138  to  174.5  millimeters  in  length; 
one  from  Elefante  Island,  Marinduque  Province,  two  from  Ta- 
gapula  Island,  Samar  Province,  and  one  from  Cebu,  Cebu. 

Known  heretofore  only  from  the  type  specimen  described  by 
Evermann  and  Seale  from  Bacon,  Sorsogon. 

This  species  is  distinguished  at  a  glance  from  Lo  vvlpinus 
(Schlegel  and  Miiller)  by  the  presence  of  the  large  blackish 
blotch  far  back  on  lateral  line. 

LO   VULPINUS    (Schlegel   and   Muller).     Plate   6. 

Amphacanthus  vulpinus  Schlegel  and   Muller,  Verh.   Nat.   Gesch. 

Ned.,  Leiden  2   (1844)    12;   Schlegel,  Bijdr.  Dierk.  1  6  (1852)   38, 

fig.  1;  Weber,  Fische  Siboga  Exp.  (1913)  330. 
Teuthis  vulpinus  Gunther,  Cat.  Fishes  3  (1861)  324. 
Teuthis  vulpina  Gunther,  Fische  der  Sudsee  1    (1873)  91. 
Lo  vulpinus  Seale,  Occ.  Papers  Bishop  Mus.  4    (1906)    71,  fig.   19; 

Jordan  and  Seale,  Bull.  Bur.  Fisheries  25  (1906)  361. 
Siganus  vulpinus  Fowler  and  Bean,  Proc.  U.  S.  Nat.  Mus.  62  (1922) 

59. 

The  oblong  compressed  body  moderately  elongate,  its  depth 

2.2  to  2.4  in  length,  dorsal  and  ventral  outlines  nearly  parallel 
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from  nuchal  region  to  first  dorsal  ray ;  head  produced  anteriorly, 
much  longer  than  deep,  its  length  3.1  to  3.3  times  in  that  of 
head  and  body  together,  its  upper  profile  concave,  rising  above 
eye  in  a  thin  trenchant  ridge;  interorbital  space  nearly  flat 
and  with  a  conspicuous  protuberance  on  front  and  upper  angle 
of  eye,  its  width  3.3  to  3.7  in  head;  diameter  of  the  rounded 
eye  3.5  to  3.9  in  head  or  nearly  twice  in  the  long  produced  snout, 
which  is  1.8  to  1.9  in  length  of  head;  maxillary  shorter  than 
eye,  4.6  to  5.2  times  in  head;  preorbital  1.2  to  1.6  in  snout  or 
2.3  to  2.9  in  head ;  two  very  small  nostrils  in  front  of  each  eye, 
the  anterior  one  in  a  low  fleshy  tube  and  the  other  a  simple 
rounded  opening  closer  to  the  former  than  to  anterior  edge  of 
eye;  a  very  shallow  notch  above  angle  of  preopercle,  which  is 
finely  serrated  as  is  also  its  inferior  margin;  opercle  unarmed 
behind;  least  depth  of  caudal  peduncle  3.9  to  4.1  in  head. 

Head  naked  except  on  cheek,  and  on  uppermost  portions  of 
opercle  and  preopercle;  trunk  and  caudal  peduncle  completely 
covered  with  tiny  scales;  all  the  fins  naked  except  caudal,  upon 
which  minute  scales  extend  for  half  its  length;  middle  dorsal 
spines  equal  to  or  a  little  higher  than  the  last  one,  which  is 
1.8  to  2  in  head  and  nearly  as  long  as  snout;  last  anal  spine 
highest,  higher  than  last  dorsal  spine,  1.7  to  1.9  in  head;  soft 
dorsal  and  anal  pointed  behind,  the  former  slightly  higher,  1.6 
to  1.8  in  head;  caudal  fin  moderately  forked  and  shorter  than 
head,  1.1  to  1.4  in  head  and  3.6  to  4.4  in  length,  its  lobes  equally 
produced;  pectoral  a  trifle  shorter  than  caudal  fin,  1.2  to  1.4 
in  head ;  ventral  fin  reaches  origin  of  anal,  its  outer  spine  much 
longer  than  the  inner  one  and  contained  1.5  to  1.6  in  head. 

Alcoholic  specimens  more  or  less  whitish,  yellowish,  or  mottled 
brown,  to  largely  blackish  brown,  upper  part  usually  darker, 
sometimes  umber  or  blackish;  posterior  third  usually  but  not 
always  paler ;  from  origin  of  dorsal  a  broad  black  or  dark  brown 
band  extends  diagonally  downward  and  forward  over  eye  to 
end  of  snout,  including  upper  and  lower  lips,  joining  its  fellow 
on  nape  and  chin,  and  leaving  a  paler  median  stripe  from  nape 
to  base  of  upper  lip;  behind  this  band  is  a  broader  diagonal 
pearly  white  or  brownish  band,  profusely  sprinkled  with  reddish 
brown  dots,  covering  the  remainder  of  head  below  and  behind 
eye,  and  extending  across  anterior  extremity  of  breast;  breast 
black  to  dark  brown,  the  color  extending  above  base  of  pectoral 
behind  and  into  gill  opening,  and  posteriorly  to  ventrals ;  dorsal, 
anal,  and  caudal  vary  from  pale  yellowish  white  to  brown ;  upper 
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ray  of  pectoral  brown  to  blackish,  the  rest  of  the  fin  whitish 
to  brown;  ventral  spines  blackish  or  brown,  the  rays  brownish. 

The  Bureau  of  Science  collection  has  nine  specimens,  from 
149  to  180  millimeters  in  length,  from  the  following  localities: 
Calapan  and  Bulalacao  Bay,  Mindoro;  Sibuyan;  Bennett  Island, 
Masbate ;  and  Zamboanga,  Mindanao.  The  only  previous  record 
from  the  Philippines  is  that  by  Fowler  and  Bean,  who  had  four 
specimens  from  Zamboanga. 

In  life  this  is  a  fish  of  great  beauty  and  stateliness.  A  spec- 
imen kept  for  a  year  or  two  in  the  Bureau  of  Science  aquarium 
was  one  of  the  most  attractive  on  exhibition.  The  prevailing 
color  was  deep  orange  on  the  posterior  half,  the  caudal  and  the 
vertical  fins;  the  anterior  half  was  banded  as  described  above, 
but  the  colors  were  lustrous  and  in  strong  contrast. 

This  very  handsome  siganid  has  been  recorded  from  Celebes, 
Ternate,  Amboina,  New  Guinea,  and  the  Solomon  and  Pelew  Is- 
lands. According  to  Weber,  it  does  not  range  west  of  Celebes. 
As  it  is  unknown  in  Polynesia,  it  seems  to  have  a  restricted 
range. 

SUMMARY  OF  THE  PHILIPPINE  SIGANID^E 

SIGANIDJE    (TEUTHIDIDiE) 
1.  Genus  TEUTHIS  Linnaeus 

1.  fuscescens  (Houttuyn). 

2.  concatenata    (Cuvier  and  Valenciennes). 

3.  corallina   (Cuvier  and  Valenciennes). 

4.  rostrata   (Cuvier  and  Valenciennes). 

5.  hexagonata    (Bleeker). 

6.  oramin   (Bloch  and  Schneider). 

7.  sutor   (Cuvier  and  Valenciennes). 

8.  puella    (Schlegel). 

9.  virgata   (Cuvier  and  Valenciennes). 

10.  doliata   (Cuvier). 

11.  tetrazona    (Bleeker). 

12.  javus  Linnaeus. 

13.  lineata    (Cuvier  and  Valenciennes). 

14.  striolata  Gunther. 

15.  vermiculata    (Cuvier  and  Valenciennes). 

2.  Genus  LO  Seale 

16.  unimaculatus  Evermann  and  Seale. 

17.  vulpinus   (Schlegel  and  Muller). 


ILLUSTRATIONS 

Plate  1 

Fig.  1.  Teuthis  fuscescens   (Houttuyn).     (Drawing  by  A.  L.  Canlas.) 

2.  Teuthis  corallina   (Cuvier  and  Valenciennes).     (Drawing  by  Jose 

L.  Nievera.) 

3.  Teuthis  rostrata   (Cuvier  and  Valenciennes).     (Drawing  by  Pablo 

Bravo.) 

Plate  2 

[Drawings  by  Pablo  Bravo.] 

Fig.  1.  Teuthis  hexagonata   (Bleeker). 

2.  Teuthis  sutor  (Cuvier  and  Valenciennes). 

3.  Teuthis  doliata  (Cuvier). 

Plate  3 

[Drawings  by  A.  L.  Canlas.] 

Fig.  1.  Teuthis  vermiculata  (Cuvier  and  Valenciennes). 
2.  Lo  uninuxculatus  Evermann  and  Seale. 

Plate  4 

[Drawings  by  A.  L.  Canlas.] 

Fig.  1.  Teuthis  concatenate/,  (Cuvier  and  Valenciennes). 

2.  Teuthis  puella  (Schlegel). 

3.  Teuthis  virgata  (Cuvier  and  Valenciennes). 

Plate  5 

[Drawings  by  A.  L.  Canlas.] 
Fig.  1.  Teuthis  oramin  (Bloch  and  Schneider). 

2.  Teuthis  striolata  Gunther. 

3.  Teuthis  javus  Linnaeus. 

Plate  6 
Lo  vulpinus   (Schlegel  and  Miiller.)     Drawing  by  A.  L.  Canlas. 
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STEM  AND  LEAF  STRUCTURE  OF  TINOSPORA  RUMPHII 
BOERLAGE  AND  TINOSPORA  RETICULATA  MIERS 

By  Jos£  K.  Santos 

Of  the  Department  of  Botany,  University  of  the  Philippines,  and  the 
Bureau  of  Science,  Manila 

SEVEN  PLATES 

Much  has  been  written  and  published  in  various  works  con- 
cerning the  anatomical  features  of  the  Menispermaceae.  The 
subject,  however,  has  by  no  means  been  exhausted,  for  the  ana- 
tomical structure  of  this  family  in  general  is  very  characteristic 
in  every  species.  Any  further  anatomical  investigation,  there- 
fore, concerning  the  stems  and  leaves  of  this  important  family 
will  be  of  considerable  interest,  notwithstanding  the  fact  that 
valuable  anatomical  studies  on  a  number  of  its  species  have 
been  made  in  the  past.  Since  Tinospora  rumphii  Boerlage  and 
T.  reticulata  Miers  afford  excellent  material  for  anatomical  in- 
vestigation, and  because  of  the  medicinal  property  reputed  by 
the  Filipinos  to  be  possessed  by  one  of  the  two  species,  which 
has  a  bitter  taste,  the  writer  undertook  this  piece  of  work  in 
order  to  find  the  basis  for  differentiating  the  two  plants. 

Tinospora  rumphii  Boerlage  and  T.  reticulata  Miers  are  both 
commonly  known  as  makabuhay,  and  sometimes  the  latter  is 
called  makabuhay  lalaki.  They  are  dioecious  vines  with  peren- 
nial stems  covered  with  prominent  tubercles,  twining  around 
tall  trees  and  sending  out  roots  many  meters  in  length  which 
descend  like  cords  to  the  ground.  They  are  widely  distributed 
throughout  the  Philippines  and  T.  rumphii  Boerlage  is  some- 
times cultivated  because  of  its  very  bitter  characteristic.  Ac- 
cording to  Merrill,  (5)  T.  rumphii  was  perhaps  introduced  from 
Malaya,  while  T.  reticulata  is  endemic. 

Merrill  (6)  describes  Tinospora  reticulata  Miers  as  a  plant  that 
possesses  a  very  bitter  characteristic.  On  the  other  hand,  in  a 
later  work  (7)  he  states  that — 

The  name  makabuhay  is  universally  applied  in  the  Philippines  to  the 
two  forms  of  Tinospora,  but  properly  to  the  one  with  broad,  deeply  cordate 
leaves  that  has  a  very  bitter  principle  in  its  stems. 
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which  is  the  form  characterized  by  Boerlage  as  Tinospora 
rumphii.  Besides,  Merrill,  in  a  still  later  publication,  (8)  gives 
the  same  name,  T.  rumphii,  to  the  plant  exhibiting  the  same 
characteristic. 

In  India  the  species  Tinospora  cordifolia  Miers  is  used  and 
classified  as  a  standard  drug  in  the  Indian  Pharmacopoeia. 
This  plant  is  frequently  substituted  by  Tinospora  crispa  Miers 
and  by  allied  species,  also  found  in  the  Indo-Malayan  region. 
In  view  of  the  similarity  between  T.  crispa  and  the  bitter  maka- 
buhay  from  the  Philippines,  Tavera,(iO)  in  describing  the  latter, 
applied  the  name  Tinospora  crispa  Miers,  which  plant  the  writer 
believes  is  not  found  in  the  Philippines. 

The  bitter  makabuhay  has,  on  account  of  its  economic  value, 
long  occupied  a  prominent  place  in  chemical  research,  especially 
among  plant  chemists  and  pharmaceutical  chemists,  to  whom 
the  question  is  naturally  an  all-important  one. 

Bacon (l)  and  Feliciano,(2)  working  on  the  chemical  composi- 
tion of  the  bitter  makabuhay,  both  reported  their  results  under 
the  name  Tinospora  reticulata  Miers.  Maraiion,(4)  on  the 
other  hand,  recently  conducted  a  very  critical  chemical  investiga- 
tion on  the  same  bitter  makabuhay  and  successfully  isolated 
its  bitter  principle,  and  reported  his  results  under  Tinospora 
rumphii  Boerlage. 

Solereder,(9)  in  reviewing  the  work  done  on  the  anatomical 
features  of  the  Menispermacese,  indicates  that  in  all  the  members 
of  this  family  are  observed  the  presence  of  broad  primary  medul- 
lary rays  which  separate  the  vascular  bundles  of  the  axis  from 
one  another ;  the  undulated  composite  and  continuous  sclerenchy- 
matous  ring  in  the  pericycle;  the  elongated  secretory  cells  in 
the  axis  and  in  the  petiole  in  certain  members  of  the  order; 
and  the  small  crystals  of  calcium  oxalate  which  are  sometimes 
large,  solitary,  or  clustered.  Some  of  the  prominent  workers 
cited  by  him  are  Nageli,  De  Bary,  Vesque,  Schenck,  Volkens, 
Solereder,  Haberlandt,  and  others.  Unfortunately,  most  of  their 
publications  are  not  available. 

MATERIAL  AND  METHODS 

Tinospora  rumphii  Boerlage  and  Tinospora  reticulata  Miers, 
the  plants  that  furnished  the  materials  for  this  investigation, 
were  collected  from  Antipolo,  Rizal  Province,  Luzon,  during  the 
summer  of  1925,  and  planted  in  the  botanical  garden  in  the  Uni- 
versity of  the  Philippines.     Additional  material  for  the  study 
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of  the  bitter  makabuhay  (Tinospora  rumphii  Boerlage)  was 
bought  from  a  retail  store  in  Binondo,  Manila. 

These  two  species  of  makabuhay  were  grown  in  the  botanical 
garden  side  by  side,  and  during  the  preparation  of  this  paper 
the  external  morphological  characters  of  the  stems  were  care- 
fully observed,  and  those  of  one  species  were  compared  with 
those  of  the  other.  The  taste  of  the  sap  of  their  stems  and 
leaves  was  tested. 

Several  cross  and  median  longitudinal  sections,  from  20  to 
35  microns  thick,  were  used.  Some  of  the  sections  were  stained 
with  safranin  and  contrasted  with  Delafield  hematoxylin  and 
mounted  in  balsam,  while  the  other  sections  were  simply  ex- 
amined and  mounted  in  water  and  in  dilute  glycerine.  For  the 
examination  of  the  individual  shape  and  characteristics  of  the 
cells,  Schulze's  maceration  process,  as  indicated  by  Greenish,  (3) 
was  employed. 

TINOSPORA  RUMPHII  BOERLAGE 
THE  STEM 

The  young  fresh  stems  of  Tinospora  rumphii  Boerlage  are 
light  green,  succulent,  smooth,  and  sometimes  with  minute  elon- 
gated elevations  which  correspond  to  young  lenticels  arranged 
parallel  to  the  axis.  They  bear  broadly  ovate  and  deeply  cordate, 
alternate  leaves  (Plate  1,  fig.  1).  When  the  young  stems  are 
cut,  they  exude  a  clear,  mucilaginous  juice  which  has  a  very 
bitter  taste.  This  bitter  characteristic  is  also  observed  when 
the  leaves  are  crushed  between  the  fingers. 

The  adult  stems,  however,  have  a  dark  green  or  greenish 
brown  color  and  succulent  bark  covered  with  numerous  and 
prominent  protuberances,  at  the  tip  of  which  the  lenticels  are 
found.  They  are  invested  with  a  very  thin  cork  which  peels  off 
in  flakes,  and  they  are  leafless.  When  bent  they  are  more  or  less 
flexible,  and  when  cut  they  exude  abundant,  somewhat  milky 
or  turbid,  mucilaginous  juice  which  has  a  very  bitter  taste. 
When  dry  they  shrink  very  much  and  the  bark  separates  from 
the  wood  and  turns  dull  brown.     The  odor  is  not  at  all  peculiar. 

The  drug  of  makabuhay  sold  in  the  market  is  always  that  of 
Tinospora  rumphii  Boerlage.  This  adult  stem  is  cut  to  about  1.5 
meters  in  length  and  wound  up  as  indicated  in  Plate  1,  fig.  2. 
It  is  usually  obtained  from  the  store  in  a  more  or  less  fresh 
condition.  This  is  perhaps  due  to  the  fact  that  the  makabuhay 
stem  can  stand  long  keeping  without  drying.     The  old  stem 
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bought  from  the  retail  store  at  Binondo,  after  having  been  kept 
for  about  two  months  in  the  laboratory,  has  shrunk  but  slightly 
and  sent  out  a  slender  root  about  1  m  long  and  about  1.2  mm 
in  diameter.  When  planted,  it  developed  new  shoots  and  leaves. 
Structure  of  the  stem. — A  thin  transverse  section  from  a 
young  stem  reveals  that  it  is  of  the  ordinary  dicotyledonous 
type.  It  is  more  or  less  circular  in  outline  and  with  slightly 
wavy  margin  and  one  or  two  glandular  hairs.  These  glandular 
hairs  are  of  multicellular  type,  uniseriate,  and  with  somewhat 
rounded  terminal  cells.  The  epidermis  consists  of  a  single 
layer  of  colorless  rectangular  cells  containing  usually  a  large 
number  of  monoclinic  and  prismatic  calcium  oxalate  crystals, 
as  shown  in  Plate  1,  fig.  5.  In  the  surface  preparation,  these 
crystals  appear  as  indicated  in  Plate  2,  fig.  7.  The  cortex  is 
thin  and  is  composed  of  three  or  four  layers  of  collenchyma 
cells  and  from  six  to  eight  layers  of  parenchyma  cells,  both 
containing  chloroplastids  (Plate  2,  fig.  8).  Between  these  cells 
there  are  a  few  young  bitter-principle  ducts  which  it  is  very 
difficult  to  distinguish  from  the  parenchyma  cells,  owing  to  their 
close  similarity  in  structure.  They  can  be  detected  only  by  the 
absence  of  the  chloroplastids.  The  starch  sheath  is  inconspic- 
uous. The  pericycle  consists  of  an  undulated,  continuous  scle- 
renchymatous  ring  which  is  composed  simply  of  the  arcs  of 
primary,  hard  bast  and  parenchyma  cell,  the  latter  being  in  the 
inner  part  (Plate  1,  figs.  3  and  4).  The  primary  vascular 
bundles  are  arranged  in  the  form  of  a  ring  and  vary  in  number 
from  ten  to  fifteen.  The  wood  is  composed  mostly  of  one  or 
two  spiral  and  annular  vessels  and  xylem  parenchyma.  The 
pith  is  occupied  by  parenchyma  cells  with  circular  outline. 

The  structure  of  an  adult  stem  is  more  characteristic  and 
complicated.  The  outline  of  a  transverse  section  is  somewhat 
circular  with  one  or  two   prominent  projections   at  the  side 

(Plate  2,  fig.  6).  These  projections  correspond  to  the  section 
of  the  protuberances  or  the  elevated  lenticels.  The  bark  is 
thick;  in  the  region  of  the  lenticel  it  is  very  thick.  The  outer- 
most part  of  the  cortex  is  limited  by  a  thin  periderm  consisting 
of  several  layers  of  flattened  cork  cells  and  a  few  layers  of 
phellogenetic  cells.  The  periderm  originates  from  the  tangen- 
tial division  of  the  subepidermal  cells ;  that  is,  at  first  it  occurs 
near  the  region  of  the  lenticels  and  then  spreads  peripherally 

(Plate  2,  fig.  9).  In  the  first  division  of  these  cells,  the  result- 
ing inner  daughter  cells  become  the  phellogen  layer,  from  which 
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the  cork  cells  arise.  The  cork  cells  are  brownish,  closely  fitted, 
slightly  suberized,  and  completely  flattened,  as  indicated  in  Plate 
2,  fig.  10.  When  they  are  isolated  by  Schulze's  maceration 
process,  they  exhibit  a  polygonal  outline  (Plate  2,  fig.  11,  a  and 
6).  They  measure  about  0.056  mm  in  their  longest  diameter, 
and  0.04  mm  in  their  shortest  diameter.  The  phelloderm  is  not 
distinct  and  is  poorly  developed  in  other  parts  of  the  sections. 

The  lenticels. — The  structure  of  the  lenticels  of  Tinospora 
rumphii  is  identical  to  that  of  the  ordinary  dicotyledonous  plants, 
but  they  are  located  at  the  tips  of  the  tuberclelike  structures, 
or  protuberances,  found  on  the  stems.  These  protuberances 
originate  and  develop  from  the  phellogen  layer.  They  measure 
about  5  mm  in  length  (Plate  1,  figs.  3  and  4,  and  Plate  2, 
fig.  6). 

The  cortical  parenchyma. — The  cortical  parenchyma  extends 
several  layers  of  cells  deep  and  is  not  limited  by  a  distinct 
starch  sheath.  It  is  not  uniform  in  thickness.  In  some  parts 
it  is  very  thick  on  account  of  the  projections  in  which  the  lenticels 
are  found.  Its  average  thickness  is  about  half  of  the  diameter 
of  the  central  cylinder.  For  convenience  the  cortex  may  be 
divided  into,  say,  two  regions ;  namely,  the  chlorophyllous  region 
and  the  nonchlorophyllous  region. 

The  chlorophyllous  region. — The  chlorophyllous  region  usually 
occupies  about  one-third  of  the  cortex.  It  is  composed  of  eight 
or  more  layers  of  parenchyma  cells  containing  chloroplastids. 
These  parenchyma  cells  have  thin  walls  with  a  circular  outline, 
and  those  near  the  phellogen  are  somewhat  tangentially  elon- 
gated. Between  them  there  are  numerous  ducts,  or  bitter- 
principle  sacs,  which  have  the  general  appearance  of  ordinary 
parenchyma  cells  in  cross  section.  They  are  easily  distinguished 
from  the  parenchyma  cells,  however,  because  they  do  not  con- 
tain chloroplastids,  and  they  are  usually  larger  and  surrounded 
by  six  or  eight  slightly  flattened  parenchyma  cells  (Plate  2, 
figs.  10,  13,  14,  and  15).  They  are  very  numerous  in  the  pe- 
ripheral side  of  the  chlorophyllous  region.  A  detailed  descrip- 
tion of  their  structure  and  development  is  given  below. 

In  a  cross  section  of  a  very  old  stem  there  are  usually  patches 
of  stone  cells  in  the  cortex  near  the  phellogen  layer.  These 
stone  cells  are  sometimes  found  in  an  extended  layer  forming 
a  sort  of  ring  around  the  peripheral  part  of  the  cortex.  They 
are  somewhat  cubical  and  their  walls  are  yellowish,  thick,  pitted, 
and  lignified  to  stony  hardness.     They  sometimes  contain  large, 
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solitary,  rhomboid  or  monoclinic  calcium  oxalate  crystals,  as 
represented  in  Plate  2,  fig.  12. 

The  nonchlorophyllous  region. — The  nonchlorophyllous  region 
is  thicker  and  occupies  about  two-thirds  of  the  entire  cortex. 
It  is  built  up  entirely  of  thin-walled  parenchyma  cells  without 
chloroplastids  and  between  them  are  a  few  bitter-principle  sacs. 
These  parenchyma  cells  have  very  thin  walls,  are  circular  in 
cross  section,  and  usually  filled  with  abundant,  small,  ovoid  or 
somewhat  rounded  starch  grains.  The  cells  toward  the  inner 
part,  however,  are  sometimes  radially  elongated,  more  or  less 
rectangular  in  form,  and  arranged  in  rows  radiating  from  the 
crescent-shaped  band  of  sclerenchymatous  cells  belonging  to 
every  vascular  bundle  (Plate  3,  fig.  19).  This  arrangement  of 
the  inner  parenchyma  cells  is  especially  evident  in  the  cross 
section  of  a  very  old  stem.  Plate  3,  fig.  20,  is  taken  from  a 
region  between  the  cortical  parenchyma  and  the  sclerenchyma 
of  the  pericycle  which  shows  the  rectangular  shape  of  some  of 
the  inner  parenchyma  cells  of  the  nonchlorophyllous  region. 
Adjoining  the  sclerenchyma  band  there  is  a  layer  of  cells  which 
correspond  to  the  starch  sheath,  containing  large,  solitary,  pris- 
matic or  monoclinic  calcium  oxalate  crystals.  Plate  3,  fig.  21, 
shows  a  longitudinal  section  corresponding  to  fig.  20  on  the  same 
plate,  cited  above.  It  shows  a  row  of  cells,  also  containing  cal- 
cium oxalate  crystals.  These  rows  of  cells  can  be  isolated  by 
means  of  Schulze's  maceration  process  and,  when  isolated,  they 
appear  as  crystal  fibers  measuring  about  0.27  mm  in  length 
(Plate  3,  fig.  22). 

The  bitter-principle  sacs. — In  the  cortical  parenchyma  of  the 
stem,  petiole,  and  midrib,  the  writer  has  observed  some  structures 
other  than  parenchyma  cells  which,  in  cross  section,  have  the 
general  appearance  of  parenchyma  cells,  except  that  they  are 
larger;  and  in  longitudinal  section  they  appear  as  elongated 
vessels.  These  structures  can  be  called  bitter-principle  sacs, 
owing  to  the  fact  that  they  possess  a  more  or  less  clear  or  opaque 
mucilaginous  sap  containing  bitter  principles.  According  to 
Solereder,(9)  similar  structures  called  secretory  sacs  were  ob- 
served by  Bailon  in  Anamirta  and  they  were  erroneously  de- 
scribed by  Blottiere  as  "Cannaux  laticiferes."  Solereder 
indicates  that  these  secretory  sacs  may  occur  in  the  pith  as  well 
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as  in  the  cortex  and  that  they  have  so  far  been  observed  by 
him,  by  Blottiere,  and  by  Volkens  in  the  following  species: 

Anamirta   cocculus   Wight   and  Cocculus  leaeba  de  Candolle. 

Arnold.  Diploclisia  macrocarpa  Miers. 

Burasaia     madagascarensis     de  Jateorrhiza  palmata  Miers. 

Candolle.  Limacia  velutina  Miers. 

Cissampelos  caapeba  Linnaeus.  Tinospora  cordifolia  Miers. 

The  bitter-principle  sacs  of  Tinospora  rumphii,  unlike  the 
secretory  sacs  described  above,  occur  only  in  the  cortical  region 
and  are  especially  numerous  in  the  peripheral  part  of  the  cortical 
parenchyma  of  the  adult  stem  where  the  chloroplastids  are 
abundant.  They  do  not  occur  in  the  pith  or  the  pith  rays.  A 
critical  investigation  as  to  their  origin  and  development  reveals 
that  they  arise  and  develop  from  the  gradual  and  complete  de- 
struction of  the  cross  walls  of  a  row  of  parenchyma  cells,  as 
shown  in  Plate  2,  figs.  15,  16,  and  17.  They  possess  all  the  char- 
acteristics of  the  articulated  latex  tubes,  except  that  they  are  not 
greatly  elongated  and  that  they  neither  anastomose  nor  branch. 
They  are  found  as  independent  tubes  of  various  lengths,  scat- 
tered in  the  cortical  region  of  stem,  petiole,  and  midrib.  More 
significant  evidence  that  they  originate  by  the  complete  disap- 
pearance of  the  cross  walls  of  a  row  of  parenchyma  cells  is  ob- 
served in  the  preparation  made  from  the  bark  of  a  young  and  an 
adult  stem  macerated  with  a  2  per  cent  solution  of  potassium 
hydroxide.  Some  of  the  sacs  are  more  or  less  isolated  and  their 
contents  appear  in  coagulated  form  and  are  of  a  grayish  color. 
Different  stages  of  their  formation  are  observed.  A  row  of 
four  or  five  cells  may  be  separated  and  the  cross  walls  of  some 
of  them  be  partially  or  completely  dissolved  as  shown  in  Plate 
2,  figs.  15,  16,  and  17.  In  the  older  stages  of  the  sacs  the  re- 
mains of  the  transverse  walls  of  the  original  cells  cannot  in 
most  cases  be  traced  (Plate  3,  fig.  18,  atoc).  A  microchemical 
test  of  the  content  of  the  bitter-principle  sacs  revealed  that  it 
has  a  reducing  effect  on  Fehling's  solution. 

The  pericycle  is  composed  of  (a)  the  sclerenchymatous  cres- 
cent-shaped bands  of  hard  bast  fibers  belonging  to  the  separate 
vascular  bundles  and  (b)  parenchyma  cells.  These  crescents 
of  hard  bast  limit  the  outer  portions  of  the  phloem  and  extend 
around  the  stem,  concentric  with  the  cambium  ring  (Plate  1, 


194  The  Philippine  Journal  of  Science  1928 

figs.  3  and  4;  Plate  2,  figs.  6  and  8;  Plate  3,  figs.  19,  20,  and  21). 
They  consist  of  small  thick-walled  and  lignified  cells  with  polyg- 
onal outline  in  cross  section  and  greatly  elongated  in  longitudi- 
nal section.  Their  walls  are  slightly  pitted,  unbranched,  and 
somewhat  tapering  at  both  ends  (Plate  3,  fig.  28).  They  meas- 
ure about  0.02  mm  in  diameter  and  from  0.7  to  1.4  mm  in  length. 
The  parenchyma  cells  between  the  crescentic  bands  of  scleren- 
chymatous  elements  usually  become  sclerosed.  Their  walls  are 
greatly  thickened,  lignified  into  stony  hardness,  and  frequently 
with  the  inclusion  of  a  large  solitary  monoclinic  or  rhomboid 
calcium  oxalate  crystal.  In  view  of  the  formation  of  these 
stone  cells,  the  crescents  of  sclerenchyma  fibers  are  united  and 
thus  the  pericycle  appears  as  an  undulated  composite  and  con- 
tinuous sclerenchymatous  ring  in  structure  in  the  old  stem, 
which  is  indicated  by  Solereder(9)  as  a  general  characteristic 
of  menispermaceous  plants. 

The  vascular  bundles  are  separated  from  one  another  by 
broad,  primary  medullary  rays,  and  they  stand  out  distinctly 
even  to  the  naked  eye  in  a  transverse  section  of  the  stem.  The 
number  of  vascular  bundles  in  an  adult  stem  varies  from  16 
to  20,  new  bundles  having  been  produced  between  the  primary 
ones.  The  phloem  of  the  vascular  bundles  is  a  narrow  zone 
within  the  pericycle.  In  the  outer  portion  it  is  limited  by  large 
parenchyma  cells  with  thin  and  delicate  walls,  which  are  usually 
broken  or  torn  out  in  sectioning,  and  in  the  inner  side  it  is 
separated  from  the  xylem  region  by  a  cambium  which  consists 
of  a  layer  of  thin-walled,  delicate,  tubular  cells.  The  phloem 
is  composed  of  sieve  tubes,  companion  cells,  and  phloem  paren- 
chyma. The  phloem  cells  toward  the  periphery  are  usually 
flattened  or  shriveled,  forming  a  dark  zone  in  the  form  of  an 
arc,  while  those  toward  the  cambial  portion  are  somewhat  polyg- 
onal and  rectangular  in  outline,  and  frequently  arranged  in 
irregular  rows. 

The  xylem  region  is  composed  chiefly  of  xylem,  metaxylem, 
and  protoxylem  vessels,  wood  fibers,  and  wood  parenchyma 
(Plate  3,  figs.  19,  23,  and  24).  In  the  lateral  part  it  is  limited 
by  a  row  of  cells  which  are  somewhat  radially  elongated,  and 
sometimes  contains  some  calcium  oxalate  crystals.  The  vessels 
are  characterized  by  their  large  circular  lumina,  which  measure 
from  0.15  to  0.38  mm  in  diameter,  and  are  visible  to  the  naked 
eye.  They  are  usually  filled  with  tyloses  and  possess  thick  walls 
with  perforations.     They  have  bordered  pits,  even  in  places 
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where  they  are  found  in  contact  with  parenchyma  cells.  Plate 
3,  fig.  3,  is  a  detailed  representation  of  a  portion  of  the  cross 
section  of  a  vascular  bundle  showing  a  large  vessel  filled  with 
tyloses  and  surrounded  by  wood  parenchyma.  In  a  longitudinal 
section  cut  through  the  vascular  bundle,  these  vessels  appear 
as  continuous  tubes  made  up  of  rows  of  cells  the  cross  walls 
of  which  have  been  dissolved  (Plate  3,  fig.  24) .  When  macer- 
ated with  nitric  acid  and  potassium  chlorate,  the  vessel  cells 
exhibit  a  diversity  of  forms.  They  vary  from  a  cylindrical 
shape,  as  shown  in  Plate  3,  fig.  27,  a  and  b,  and  Plate  4,  fig. 
30,  to  a  barrellike  or  beakerlike  outline  with  tangentially  elon- 
gated pits.  They  measure  from  0.072  to  0.26  mm  in  diameter 
and  from  0.2  to  0.44  mm  in  length.  The  metaxylem  and  proto- 
xylem  vessels  have  smaller  cavities  and  their  walls  possess 
either  pitted,  annular,  or  spiral  thickening.  The  wood  fibers 
or  libriform  fibers  are  thick-walled,  lignified,  and  greatly  elon- 
gated cells  with  simple  pits.  Both  ends  are  somewhat  pointed 
and  sometimes  irregularly  convoluted,  or  wavy.  They  measure 
from  0.480  to  0.555  mm  in  length.  The  xylem  parenchyma  cells 
are  short  and  have  thin  walls ;  they  also  possess  simple  perfora- 
tions and  their  two  ends  are  blunt  and  not  tapering. 

The  medullary  rays  in  cross  section  appear  uniform  in  struc- 
ture. They  are  made  up  of  several  rows  of  thin-walled,  pitted, 
and  radially  elongated  parenchyma  cells.  The  ray  cells  are  in 
most  cases  filled  with  a  considerable  number  of  starch  grains. 
In  the  radial  section  they  appear  rectangular  and  sometimes 
square,  with  large  simple  pits.  Plate  4,  fig.  32,  represents 
a  group  of  ray  cells  isolated  by  Schulze's  maceration  process. 

The  central  pith  of  the  stem  in  cross  section  is  somewhat  cir- 
cular in  shape  and  about  3  mm  in  diameter.  It  is  composed 
principally  of  thin-walled  parenchyma  cells  with  polygonal  or 
circular  outline.  In  a  very  old  stem  the  walls  of  some  of  the 
parenchyma  cells,  however,  become  greatly  thickened,  lignified, 
and  perforated  by  numerous,  usually  branched,  pit  canals  of 
circular  appearance  in  transverse  section.  These  lignified  cells 
appear  in  groups  or  patches  in  the  pith  region.  Their  cavities 
are  sometimes  greatly  reduced  when  the  walls  become  very  thick 
and  sometimes  contain  inclusion  of  large  solitary  rhomboid  or 
circular  appearance  in  transverse  section.  These  lignified  cells 
of  a  transverse  section  of  the  pith  of  an  older  stem,  and  fig. 
26,  on  the  same  plate,  represents  a  corresponding  longitudinal 
section  taken  from  the  same  stem.     The  walls  of  the  lignified 
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parenchyma  cells  in  these  figures  are  not  greatly  thickened. 
When  these  cells  are  isolated  by  maceration,  they  exhibit  a  more 
or  less  rectangular  shape  or  a  beakerlike  outline  (Plate  4,  fig. 
33,  a  to  e).  Plate  4,  fig.  34,  is  prepared  from  stone  cells  from 
the  pith  of  a  very  old  stem,  isolated  by  maceration.  Their 
walls  are  greatly  thickened,  striated,  and  with  simple  or  branched 
perforations.  Each  of  the  two  stone  cells  shown  on  Plate  4,  fig. 
35,  contains  a  large  solitary  crystal  in  the  cavity. 

The  starch  grain. — The  cells  of  the  inner  part  of  the  cortical 
parenchyma,  the  medullary  rays,  and  the  pith  are  usually  sup- 
plied with  abundant,  small,  ovoid,  or  somewhat  rounded  starch 
grains  which  measure  from  0.006  to  0.025  mm  in  diameter. 
These  starch  grains  do  not  possess  a  distinct  hilum  and  are  not 
prominently  striated. 

THE  LEAF 

The  full-grown  leaves  are  from  8  to  16  cm  long  and  from 
10  to  14  cm  wide.  They  are  broadly  ovate  in  outline,  long 
petiolate,  thin,  glabrous,  dark  green  and  shining  on  the  upper 
surface,  and  light  green  on  the  lower  surface.  The  base  is 
deeply  cordate  and  sometimes  nearly  truncate.  The  margin  is 
entire  and  the  apex  acuminate.  At  the  base  there  are  five  nerves 
belonging  to  the  first  order  (Plate  1,  fig.  1).  The  petioles  are 
from  5.5  to  10.5  cm  long,  and  about  2  mm  in  diameter,  nearly 
cylindric  or  somewhat  angular,  with  a  narrow  and  slightly  ele- 
vated ridge  in  the  upper  part.  When  the  fresh  leaves  are 
crushed  between  the  fingers,  the  odor  is  not  characteristic,  but 
the  taste  is  very  bitter. 

The  structure  of  the  leaf. — The  leaf  structure  of  Tinospora 
rumphii  Boerlage  in  transverse  section  is  bifacial.  The  meso- 
phyll  is  rather  uniform  in  thickness  and  measures  about  0.165 
mm.  The  upper  epidermis  is  composed  of  a  single  layer  of 
tangentially  elongated,  rectangular,  and  sometimes  nearly  square 
cells  with  thick  and  cutinized  outer  cell  walls.  These  cells  in 
most  cases  contain  monoclinic  or  prismatic  calcium  oxalate  crys- 
tals (Plate  4,  fig.  36).  The  lower  epidermis  also  consists  of 
a  layer  of  cells,  of  the  same  shape  and  with  some  calcium  oxalate 
crystal  inclusion,  but  with  very  much  thinner  and  less-cutinized 
outer  cell  walls.  The  palisade  chlorenchyma  occupies  about 
one-fourth  of  the  section,  and  consists  of  a  single  row  of  per- 
pendicularly elongated  or  tubular  cells,  about  0.05  mm  in  length 
and  0.01  mm  in  diameter,  and  formed  just  below  the  upper 
epidermis.     The  spongy  cholorenchyma  is  made  up  of  irregularly 
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shaped  parenchyma  cells  of  various  sizes  and  with  few  chloro- 
plastids.  It  is  about  twice  as  thick  as  the  palisade  region  and 
measures  about  0.108  mm  thick.  Along  this  part  of  the  meso- 
phyll,  there  are  at  regular  intervals  remarkably  large  intercel- 
lular spaces  of  a  circular  or  somewhat  horizontally  elongated 
outline  in  cross  section  (Plate  4,  fig.  36).  These  air  spaces 
measure  from  0.120  to  0.150  mm  in  diameter  and  communicate 
with  the  smaller  intercellular  spaces  between  the  spongy  chlo- 
renchyma  cells.  The  epidermal  outgrowths  consist  chiefly  of 
multicellular,  uniseriate  grandular  hairs  of  from  two  to  three 
cells  and  are  observed  only  in  the  lower  epidermis.  The  capitate 
part  of  these  hairs  is  nearly  rounded  in  shape  (Plate  4,  fig.  38). 

In  the  surface  preparations,  the  epidermal  cells  appear  polyg- 
onal in  outline  with  from  five  to  seven  straight,  thick  walls. 
They  are  0.025  to  0.043  mm  in  their  longest  diameter  and  from 
0.018  to  0.032  mm  in  their  shortest  diameter.  The  calcium  ox- 
alate crystals  observed  in  the  cross  section  are  more  evident 
and  better  displayed  in  this  preparation,  as  indicated  in  Plate 
4,  fig.  37.  The  lower  epidermal  cells  are  also  polygonal  in  out- 
line and  are  richly  supplied  with  calcium  oxalate  crystals,  but 
they  are  smaller  and  their  walls  are  thinner  and  more  or  less 
wavy  (Plate  4,  fig.  38).  They  measure  from  0.036  to  0.101  mm 
in  their  longest  diameter  and  from  0.018  to  0.036  mm  in  their 
shortest  diameter.  The  stomata  are  confined  in  the  lower  sur- 
face of  the  leaf.  They  occur  in  patches  in  the  area  between 
the  veinules.  Their  sizes  are  not  uniform  and  they  vary  from 
0.025  to  0.032  mm  in  length  and  from  0.021  to  0.027  mm  in 
width.  They  are  surrounded  by  from  three  to  six  neighboring 
cells.  One  of  the  neighboring  cells  is  invariably  smaller  than 
the  others,  and  this  smallest  neighboring  cell  is  usually  applied 
vertically  to  the  length  of  the  guard  cells.  The  glandular  hairs 
are  better  observed  in  this  surface  preparation  than  in  the  cross 
section. 

The  midrib  is  slightly  convex  above  and  strongly  convex  be- 
low. The  outline  in  the  lower  part  is  irregularly  wavy  (Plate 
4,  fig.  36).  The  ventral  epidermis  as  well  as  the  dorsal  consists 
of  a  single  layer  of  cells,  rectangular  or  nearly  square  in  out- 
line. The  outer  cell  walls  of  the  upper  epidermis  are  compara- 
tively thicker  and  more  cutinized  than  are  those  of  the  lower 
epidermis.  Some  of  those  of  the  lower  epidermis  are  papillose 
in  nature;  that  is,  they  exhibit  slight  outgrowths  or  projections. 
The  collenchyma  cells  are  present  in  two  distinct  regions,  above 
and  below  the  midrib,  just  inside  the  epidermis.     In  the  inner 
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part  of  these  cells  toward  the  stele  is  a  region  of  cortical  paren- 
chyma consisting  of  thin-walled  cells.  Here  and  there,  in  this 
parenchyma  region,  there  are  some  bitter-principle  sacs.  The 
meristele  is  somewhat  fan-shaped  or  nearly  circular.  The  upper 
part  is  bounded  by  a  group  of  small,  thin-walled  parenchyma 
cells,  which  are  polygonal  in  outline.  The  xylem  is  composed 
of  large  vessels,  from  0.025  to  0.043  mm  in  diameter,  and  xylem 
parenchyma.  Below  the  xylem  is  the  phloem  region,  which  is 
made  up  of  the  same  type  of  cells  as  is  the  phloem  of  the  stem. 
The  phloem  is  usually  traversed  by  a  row  of  parenchyma  cells 
or  pith-ray  cells.  The  outer  part  of  the  phloem  consists  of  a 
few  layers  of  parenchyma  cells  which  are  limited  by  two  or 
three  layers  of  colorless,  slightly  lignified  sclerenchyma  fibers, 
forming  a  sort  of  arc  in  the  lower  part  of  the  vascular  bundle. 
The  petiole. — The  structure  of  the  petiole  is  very  similar  to 
that  of  the  stem.  In  cross  section  it  appears  as  a  somewhat 
circular  and  wavy  outline,  and  contains  a  circular  system  of 
isolated  vascular  bundles,  which  vary  from  six  to  eight  in  num- 
ber. The  epidermal  cells  are  more  or  less  isodiametric  in  nature 
and  some  contain  calcium  oxalate  crystals.  The  cortex  is  thick, 
consisting  of  two  or  three  layers  of  collenchyma  cells,  and  a 
few  layers  of  chlorenchyma.  Between  these  cells  are  also  some 
bitter-principle  ducts.  The  starch  sheath  is  not  distinct.  The 
pericycle,  like  that  of  the  stem,  consists  of  a  continuous,  undulate 
sclerenchyma  band.  Plate  4,  fig.  39,  is  a  diagrammatic  repre- 
sentation of  a  cross  section  of  a  petiole  traced  under  a  48- 
millimeter  objective  with  the  aid  of  a  camera  lucida.  The  vas- 
cular bundles  are  separated  by  the  medullary  rays  and  the  pith, 
which  is  nearly  circular  in  outline,  is  large. 

TINOSPORA  RETICULATA  MIERS 
THE  STEM 

The  young,  fresh  stems  of  Tinospora  reticulata  Miers  have 
almost  the  same  general  appearance  as  have  those  of  Tinospora 
rumphii  Boerlage.  The  former  differ,  however,  from  the  latter 
in  that  the  leaves  have  a  truncate  or  sometimes  slightly  cordate 
base  (Plate  5,  fig.  40,  a  and  6).  Moreover,  when  these  young 
stems  are  cut,  they  exude  a  clear,  mucilaginous,  and  tasteless 
or  very  slightly  sweetish  juice. 

The  adult  stems  of  Tinospora  reticulata,  on  the  other  hand, 
are  rather  different  from  the  stems  of  Tinospora  rumphii  in 
various  features.     In  the  first  place,  the  stems  of  the  former 
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have  fewer  and  less-prominent  protuberances  than  are  observed 
in  the  latter.  In  the  second  place,  the  stems  of  Tinospora  re- 
ticulata vary  from  straw  or  brownish  yellow  to  greenish  sepia 
color,  with  whitish  or  grayish  lichen  patches  in  some  places, 
while  those  of  T.  rumphii  are  usually  dark  green  or  brownish 
green.  Both  types  of  stems,  however,  are  invested  with  very 
thin  cork  which  peels  off  in  flakes,  and  they  are  leafless.  When 
bent  they  are  somewhat  flexible.  Perhaps  the  most  significant 
difference  between  the  two  species  lies  in  the  relative  amount 
and  taste  of  their  sap.  When  the  stems  of  T.  reticulata  are  cut, 
they  exude  a  scanty,  clear,  and  very  slightly  bitter,  mucilagi- 
nous sap,  while  those  of  T.  rumphii,  when  cut,  as  indicated  above, 
exude  abundant  mucilaginous  sap,  of  a  somewhat  milky  or  turbid 
appearance  and  with  a  very  bitter  taste.  When  dry  the  stems 
of  T.  reticulata  shrink  but  slightly  and  the  bark  is  more  or  less 
separated  from  the  wood.  Their  color  remains  almost  the  same, 
while  the  odor  is  also  not  at  all  characteristic. 

Structure  of  the  stem. — The  structure  of  a  transverse  sec- 
tion of  a  young  stem  of  Tinospora  reticulata  is  practically  iden- 
tical with  that  of  the  young  stem  of  T.  rumphii.  The  only 
difference  is  that  in  T.  reticulata  the  cortical  parenchyma 
is  relatively  thinner  and  does  not  contain  so  many  bitter-prin- 
ciple sacs.  The  glandular  hairs  are  apparently  less  numerous 
and  sometimes  are  not  observed  in  the  cross  sections. 

The  structure  of  the  adult  stem  is  just  as  complicated  and 
interesting  as  is  that  of  the  species  T.  rumphii  (Plate  5,  fig. 
41).  The  outline  of  a  transverse  section  is  also  circular  with 
one  or  two  slight  projections  due  to  the  elevated  lenticels.  The 
bark,  however,  is  very  much  thinner  than  that  of  T.  rumphii 
and  is  about  one-fifth  of  the  diameter  of  the  central  cylinder. 
Plate  6,  fig.  43,  is  a  portion  of  the  cortical  parenchyma  showing 
(1)  the  periderm,  consisting  of  slightly  suberized  epidermal  and 
subepidermal  cells,  several  layers  of  flattened  cork  cells  (see  also 
Plate  6,  fig.  44,  a  and  6),  a  few  layers  of  phellogenetic  cells, 
and  phellogen  layer;  (2)  the  calcium  oxalate  crystal  ring 
which  is  made  up  of  a  layer  of  cells  interior  to  the  phellogen 
region  containing  large,  solitary  or  small-clustered  monoclinic, 
prismatic  or  rhomboid  calcium  oxalate  crystals  (see  also  Plate 
6,  fig.  45) ;  (3)  the  patches  of  stone  cells  found  scattered  in 
the  peripheral  part  of  the  cortical  outside  of  the  chlorophyllous 
region,  which  are  also  observed  in  the  case  of  T.  rumphii; 
(4)  the  chlorophyllous  region  which  has  an  almost  uniform 
structure  consisting  simply  of  small  thin-walled,  isodiametric 
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parenchyma  cells  containing  chloroplastids  and  one  inconspic- 
uous bitter-principle  sac;  and  (5)  a  portion  of  the  nonchloro- 
phyllous  region  made  up  of  large  parenchyma  cells  containing 
some  small  ovoid  or  oblong  ovoid  starch  grains.  The  inner 
layers  of  cells  of  this  region,  like  those  of  the  corresponding 
region  in  T.  rumphii,  are  usually  arranged  in  rows  and  radiat- 
ing from  the  sclerenchyma  bands;  the  only  difference  is  that 
the  parenchyma  between  these  sclerenchyma  bands  becomes 
sclerosed  earlier  than  does  that  of  T.  rumphii.  Plate  6,  fig.  52, 
represents  a  portion  of  the  parenchyma  cells  between  the 
sclerenchyma  bands  corresponding  to  two  vascular  bundles, 
showing  a  group  of  cells  becoming  lignified  with  some  large 
calcium  oxalate  inclusions. 

The  lenticels. — The  structure  of  the  lenticels  of  the  stem  of 
T.  reticulata  is  almost  identical  to  that  of  T.  rumphii,  but  the 
lenticels  of  the  former  are  not  greatly  elevated,  as  are  those 
of  the  latter  (Plate  5,  figs.  40e  and  41). 

The  bitter-principle  sacs  observed  in  the  stems  of  T.  rumphii 
are  also  found  in  a  very  old  stem  of  T.  reticulata,  but  they  are 
comparatively  fewer  in  number  and  are  not  usually  conspicuous 
in  cross  section  or  in  the  longitudinal  section  of  the  stem  (Plate 
6,  figs.  43  and  47).  This  finding  is  corroborated  when  the  sap 
of  the  old  stem  is  tasted,  which  is  slightly  bitter.  These  bitter- 
principle  sacs  found  in  Tinospora  reticulata  seem  to  develop  only 
in  the  older  stems  and  are  not  found  in  the  leaves  and  the  young 
stems.  They  originate  and  develop  in  the  same  way  as  do 
those  of  T.  rumphii.  In  the  preparations  macerated  with 
potassium  hydroxide  they  appear  as  greatly  elongated  tubes 
containing  a  greenish,  somewhat  homogenous  content,  with  large 
globules,  oily  in  appearance.  They  simulate  the  ordinary  un- 
branched  laticiferous  vessels  (Plate  6,  figs.  46  and  48).  Micro- 
chemical  test  proves  that  the  content  of  these  sacs  has  only  a 
very  slight  reducing  effect  on  Fehling's  solution. 

The  structure  of  the  pericycle  of  T.  reticulata  is  practically 
the  same  as  that  of  T.  rumphii.  In  Plate  6,  fig.  49,  is  seen  a 
portion  of  the  transverse  section  of  the  pericycle  showing  the 
characteristic  layer  of  cells  containing  solitary,  large  calcium 
oxalate  crystals  which  are  found  limiting  the  outer  part  of  the 
lignified,  thick-walled  sclerenchyma  band.  Plate  6,  fig.  46, 
shows  a  portion  of  a  longitudinal  section  corresponding  to  the 
region  shown  in  fig.  49,  and  fig.  51  shows  a  crystal  fiber  isolated 
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by  Schulze's  maceration  process  from  the  outer  part  of  a  scleren- 
chyma  band. 

The  vascular  bundles  of  T.  reticulata  are  about  fourteen  in 
number  and  they  are  characterized  and  distributed  in  the  same 
way  as  are  those  of  T.  rumphii.  The  only,  slight  difference 
observed  is  that  the  lateral  parts  are  limited  by  a  row  of  cells 
usually  containing  prismatic  or  monoclinic  prismatic  crystals 
of  calcium  oxalate,  as  indicated  in  Plate  6,  fig.  53.  The  vessels, 
the  phloem  cells,  wood  fibers,  and  wood  parenchyma  have  prac- 
tically the  same  characteristics  as  have  those  of  T.  rumphii 
(Plate  6,  figs.  53  and  54,  b  to  d;  and  Plate  7,  figs.  56,  a  to  c, 
and  57). 

The  pith  rays  and  the  pith  of  T.  reticulata  are  characterized 
by  and  composed  of  the  same  type  of  cells  as  are  the  pith  rays 
and  pith  of  the  species  T.  rumphii.  The  lignification  of  some 
of  the  pith  cells  in  the  stems  of  T.  reticulata,  however,  usually 
takes  place  earlier  than  in  the  stems  of  T.  rumphii.  Plate  7, 
figs.  60  and  61,  shows  cross  section  and  longitudinal  sections  cut 
through  the  pith  of  an  adult  stem  showing  the  characteristics 
of  the  lignified  cell.  When  these  pith  stone  cells  are  isolated 
by  maceration  they  appear  as  shown  in  Plate  7,  fig.  59,  a  to  6. 
In  Plate  7,  fig.  58,  a  to  d,  are  shown  four  isolated  lignified  cells 
from  the  pith  of  a  younger  stem  showing  the  same  characteristics 
as  those  observed  in  T.  rumphii  during  the  early  stage  of  the 
lignification. 

THE  LEAF 

The  full-grown  leaves  of  T.  reticulata  Miers  measure  from  10 
to  13.5  cm  long  and  from  8.5  to  10.5  cm  wide.  They  are  ovate  in 
outline,  long  petiolate,  thick,  glabrous,  somewhat  coriaceous, 
light  green  and  shining  on  the  upper  surface,  and  lighter  green 
on  the  lower  surface.  The  base  is  truncate  and  sometimes 
slightly  cordate  (Plate  5,  fig.  40,  a  and  b) .  The  margin  is  entire 
and  somewhat  deflexed,  and  the  apex  is  acuminate.  At  the  base, 
as  in  T.  rumphii,  there  are  five  nerves  of  the  first  order.  The 
petioles  are  from  3.5  to  6.5  cm  long,  and  about  1.8  mm  in  diam- 
eter, nearly  cylindric  or  slightly  angular.  When  the  fresh 
leaves  are  crushed  between  the  fingers,  the  odor  is  not  charac- 
teristic and  the  taste  is  slightly  sweetish. 

Structure  of  the  leaf. — The  leaf  structure  of  Tinospora  reti- 
culata is  very  similar  to  that  of  Tinospora  rumphii.  The  only 
difference  is  that  the  mesophyll  of  the  former  is  thicker  and  the 
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air  spaces,  which  are  more  or  less  arranged  at  regular  intervals 
along  the  spongy  region,  are  smaller  than  in  the  latter  (Plate 
7,  fig.  62).  The  mesophyll  of  T.  reticulata  is  about  0.18  mm 
thick  and  the  palisade  chlorenchyma  0.05  mm  long  and  0.01 
mm  in  diameter.  The  upper  and  lower  epidermis  do  not  contain 
monoclinic  or  prismatic  calcium  oxalate  crystals. 

In  the  surface  preparation,  the  upper  epidermal  cells  of  T. 
reticulata  appear  almost  like  the  upper  epidermal  cells  of  T. 
rumphii,  except  that  those  of  the  former  are  larger  and  usually 
contain  a  few  calcium  oxalate  crystals  in  a  more  or  less  raphide 
form.  They  measure  from  0.054  to  0.072  mm  in  their  longest 
diameter  and  from  0.029  to  0.054  mm  in  their  shortest  diameter 
(Plate  7,  fig.  63).  In  the  lower  epidermis  the  cells  of  the  for- 
mer are  smaller  than  are  those  of  the  latter  and  they  frequently 
contain  calcium  oxalate  crystals  in  the  form  of  raphides  (Plate 
7,  fig.  64).  The  stomata  are  almost  the  same  in  number,  but 
those  of  T.  reticulata  are  larger.  They  measure  from  0.029 
to  0.036  mm  in  length  and  from  0.021  to  0.03  mm  in  diameter. 
The  glandular  hairs  in  T.  reticulata  are  usually  composed  of 
three  cells  and  are  more  numerous  than  in  T.  rumphii. 

In  T.  rumphii  it  is  rather  difficult  to  separate  the  upper  epi- 
dermis from  the  mesophyll  while  the  lower  epidermis  is  easily 
removed.  In  T.  reticulata,  however,  it  is  just  the  reverse;  the 
upper  epidermis  is  easily  separated  from  the  mesophyll  while 
it  is  rather  difficult  to  remove  the  lower  epidermis. 

The  structure  of  the  midrib  is  very  similar  to  that  of  T.  rum- 
phii. The  only  differences  are  the  presence  of  some  sclerenchy- 
matous  cells  in  the  upper  and  lower  parts  of  the  conducting 
tissue  and  the  absence  of  the  elongated  bitter-principle  sacs. 
Moreover,  the  outline  of  the  lower  part  of  the  midrib  is  more  or 
less  uniform  in  T.  reticulata. 

The  petiole. — There  are  no  significant  differences  between 
the  two  plants  except  that  in  the  cortical  region  of  T.  rumphii 
there  are  some  elongated  bitter-principle  sacs  and  the  number 
of  the  vascular  bundles  in  T.  reticulata  varies  from  8  to  11.  In 
the  arrangement  and  distribution  of  the  vascular  bundles  and 
in  the  presence  of  the  undulate  sclerenchymatous  ring  of  the 
pericycle,  the  plants  are  very  similar. 

SUMMARY  AND  CONCLUSIONS 

1.  Grown  under  the  same  conditions,  the  adult  stems  of  Tinos- 
pora  rumphii  Boerlage  are  distinguished  from  the  stems  of 
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Tinospora  reticulata  Miers  by  the  facts  that  those  of  the  former 
have  usually  a  dark  green  color,  and  are  succulent  and  covered 
with  numerous,  prominent  protuberances  at  the  tip  of  which 
the  lenticels  are  found,  while  the  stems  of  the  latter  are  straw  or 
sepia  green  in  color  with  fewer  protuberances. 

2.  The  stems  of  the  two  plants  are  invested  with  a  very  thin 
cork  which  peels  off  in  flakes,  and  both  are  leafless. 

3.  The  stems  of  Tinospora  rumphii  possess  abundant,  some- 
what milky  or  turbid  mucilaginous  juice  with  a  very  bitter  taste, 
while  those  of  Tinospora  reticulata  contain  only  scanty,  clear, 
and  somewhat  sweetish  or  bitterish  mucilaginous  sap. 

4.  The  periderm  in  the  two  plants  is  very  similar.  In  both 
it  originates  and  develops  from  the  subepidermis  and  is  made 
up  of  several  layers  of  completely  flattened,  slightly  suberized 
cork  cells  and  phellogenetic  cells. 

5.  The  cortical  parenchyma  of  Tinospora  rumphii  is  fairly 
thick  and  contains  abundant  bitter-principle  sacs,  while  that  of 
Tinospora  reticulata  is  thinner  and  possesses  much  fewer  bitter- 
principle  sacs.  Besides,  the  outer  part  of  the  cortex  of  thfe  latter 
contains  a  layer  of  cells  in  the  periphery  with  calcium  oxalate 
inclusions. 

6.  The  bitter-principle  sacs  originate  from  the  disappearance 
of  the  cross  walls  of  a  row  of  cortical  parenchyma  cells. 

7.  The  pericycle  in  the  two  plants  is  almost  identical ;  in  both 
it  shows  an  undulated  composite  and  usually  continuous  scleren- 
chymatous  ring. 

8.  The  vascular  bundles  in  both  species  are  separated  from 
one  another  by  broad  primary  medullary  rays  and  stand  out 
distinctly  in  transverse  section.  The  xylem  vessels  are  usually 
filled  with  tyloses,  while  the  pith  rays  are  filled  with  starch 
grains. 

9.  Some  of  the  cells  in  the  pith  of  the  two  stems  are  observed 
to  become  lignified.  Those  of  Tinospora  reticulata,  however, 
become  lignified  earlier  than  do  those  of  Tinospora  rumphii. 

10.  The  leaves  of  Tinospora  rumphii  are  deeply  cordate,  while 
those  of  Tinospora  reticulata  have  a  truncate  or  sometimes 
slightly  cordate  base. 

11.  The  leaf  structure  of  Tinospora  rumphii  is  somewhat  sim- 
ilar to  that  of  Tinospora  reticulata,  but  the  former  has  a  thin- 
ner mesophyll  and  large  rounded  air  spaces  at  regular  intervals 
along  the  spongy  region,  while  the  latter  has  a  thicker  meso- 
phyll which  has  smaller  air  spaces. 
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12.  The  upper  epidermis  and  the  lower  epidermis  of  Tinospora 
rumphii  are  very  similar  to  those  of  Tinospora  reticulata,  but 
those  of  the  former  are  richly  supplied  with  monoclinic  or  pris- 
matic calcium  oxalate  crystals,  while  those  of  the  latter  contain 
only  a  few  calcium  oxalate  crystals  in  raphides. 

13.  There  are  some  bitter-principle  sacs  in  the  cortical  re- 
gion of  the  midrib  of  Tinospora  rumphii  and  the  sclerenchyma- 
tous  cells  are  found  only  in  the  lower  part  of  the  conducting 
tissue,  while  that  of  Tinospora  reticulata  does  not  possess  bitter- 
principle  sacs  at  all  in  the  cortical  parenchyma,  but  the  scleren- 
chymatous  cells  are  found  in  two  regions  in  the  upper  and  lower 
parts  of  the  conducting  tissue. 

14.  The  structure  of  the  petiole  in  Tinospora  rumphii  is  very 
similar  to  that  in  Tinospora  reticulata,  except  that  the  former 
has  some  bitter-principle  sacs  in  its  cortical  parenchyma. 
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Plate  1.  Tinospora  rumphii  Boerlage 

Pig.     1.  A  habit  sketch  of  a  portion  of  the  plant.     X   J. 

2.  A  photograph  of  a  portion  of  an  adult  stem  as  sold  in  the  market. 

3.  A  diagrammatic  sketch  of  a  transverse  section  of  a  young  stem; 

I,  young  lenticel;   scl,  sclerenchyma  ring  of  the   pericycle;   vb, 
vascular  bundles.     X    15. 

4.  A  diagrammatic  sketch  of  a  transverse  section  of  an  older  stem 

showing  an  elevated  lenticel.     X   15. 

5.  A  very  small  portion  of  the  cortex  of  a  young  stem  with  co,  cal- 

cium oxalate  crystal  deposits,  in  the  epidermal  cells.     X    105. 

Plate  2.  Tinospora  rumphii  Boerlage 

Pig.  6.  A  diagrammatic  drawing  of  a  transverse  section  of  an  adult  stem; 
I,  lenticel;  6s,  bitter-principle  sacs;  scl,  sclerenchyma  band. 
X  3. 

7.  A  small  portion  of  the  surface  view  of  the  epidermal  cells  of  a 

young  stem;   co,  calcium  oxalate  crystals.     X    70. 

8.  A  portion  of  the  cortical  parenchyma  of  a  young  stem;  g,  glan- 

dular hair;  co,  calcium  oxalate  crystals;  6s,  bitter-principle  sac; 
scl,  sclerenchyma  cells. 

9.  A  very  small  portion  of  a  transverse  section  cut  through  a  young 

stem  showing  the  formation  of  periderm;  p,  phellogen.     X  300. 

10.  A  portion  of  a  transverse  section  of  the  cortical  parenchyma;  k, 

(flattened  cork  cells;  p,  phellogen;   6s,  bitter-principle  sacs;  sg, 
starch  grains.     X    158. 

11.  a  and  6,  a  group  of  cork  cells  isolated  by  maceration.     X    200. 

12.  A  portion  of  the  cortical  parenchyma  near  the  phellogen  region 

showing  sc,  group  of  stone  cells,  and  co,  calcium  oxalate  crys- 
tals.    X  158. 

13.  A  transverse  section  of  a  bitter-principle  sac.     X  300. 

14.  A  longitudinal  section  of  a  bitter-principle  sac.     X   200. 

15.  A  longitudinal  section  of  a  young  bitter-principle  sac,  showing 

method  of  formation,     x    353. 

16.  An  isolated  young  bitter-principle  sac,  showing  the  gradual  disap- 

pearance of  cross  walls.     X  300. 

17.  Another  isolated  young  bitter-principle   sac,   showing  the   disap- 

pearance of  cross  walls.     X    300. 
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Plate  3.  Tinospora  rumphii  Boerlage 

Fig.  18.  a  to  c,  three  mature  bitter-principle  sacs  from  the  cortex  of  an 
adult  stem.     X   300. 

19.  A  transverse  section  of  a  vascular  bundle;  scl,  sclerenchyma  band; 

ph,  phloem ;  mv,  metaxylem  vessel  with  tyloses ;  wf,  wood  fibers ; 
px,  protoxylem;  pr,  pith  ray  cells.     X  34. 

20.  A  portion  of  a  transverse  section  of  the  pericycle  and  cortex;  sg, 

starch   grain;    co,   calcium   oxalate   crystals;    scl,   sclerenchyma 
cells.     X    300. 

21.  A  portion  of  the  longitudinal  section  cut  through  the  same  region 

as  shown  in  fig.  20;  co,  calcium  oxalate  crystals;  scl,  scleren- 
chyma fibers;  sg,  starch  grains.     X   200. 

22.  A  crystal  fiber  isolated  by  maceration  from  the  outer  part  of  the 

sclerenchyma  band.     X   200. 

23.  A  portion  of  the  transverse  section  of  a  vascular  bundle;  co,  cal- 

cium oxalate  crystal;  mv,  metaxylem  vessel;  pr,  pith  ray  cells. 
X    158. 

24.  A  longitudinal   section  through  the   metaxylem    region.     X    200. 

25.  A  portion  of  the  transverse  section  of  the  pith  showing  sc,  some 

cells  becoming  lignified.     X94. 

26.  A  longitudinal  section  corresponding  to  fig.  25.     X    94. 

27.  a  and  b,  isolated  vessel  cells.     X   94. 

28.  A  group  of  sclerenchyma  fibers  isolated  by  maceration,     x    94. 

Plate  4.  Tinospora  rumphii  Boerlage 

Fig.  29.  A  group  of  cells  isolated  by  maceration;  a  to  c,  wood  fibers;  d 
and  /,  xylem  parenchyma;  e,  a  tracheid  with  spiral  thickening. 
X    120. 

30.  An  isolated  vessel  cell.     X  120. 

31.  A  group  of  parenchyma  cells  from  the  lateral  part  of  a  vascular 

bundle  containing  calcium  oxalate  crystals.     X   387. 

32.  A  group  of  medullary  ray  cells  with  simple  pits.     X   387. 

33.  a  to  e,  a  group  of  isolated  lignified  parenchyma  cells  from  the 

pith  of  a  young  stem.     X   120. 

34.  A  group  of  stone  cells  from  the  pith  of  an  adult  stem.     X   120. 

35.  A  group  of  stone  cells  from  the  pith  of  an  adult  stem  containing 

calcium  oxalate  crystals.     X  456. 

36.  A  transverse   section   cut  through   the    midrib;    col,  collenchyma 

cells;  scl,  sclerenchyma  band;  bs,  bitter-principle  sacs;  as,  air 
spaces.     X   90. 

37.  A   surface  section   of  the  upper  epidermis;    co,   calcium  oxalate 

crystals.     X   236. 

38.  A    surface    section    of    the    lower    epidermis;    g,   glandular    hair. 

X   236. 

39.  A  transverse  section   of  a  petiole;    bs,   bitter-principle   sacs;   vb, 

vascular  bundle.     X    11.6. 
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Plate  5.  Tinospora  reticulata  Miers 

Fig.  40.  a,  a  habit  sketch  of  a  portion  of  the  plant  showing  male  inflores- 
cence, X  h;  b,  a  detached  mature  leaf  with  slightly  cordate 
base,  X  £,;  c,  a  single  male  flower,  X  4i;  d,  a  single  wide  open 
male  flower,  X  4* ;  e,  a  portion  of  an  adult  female  stem  bearing 
a  cluster  of  fruits,   X    h. 

41.  A  diagrammatic  drawing  of  a  transverse  section  of  an  adult  stem; 

I,  lenticel;  scl,  sclerenchyma  band.     X   4 J. 

42.  A  group  of  cells  taken  from  near  the  phellogen  region  and  just 

outside  of  the  cortical  parenchyma;    co,  calcium  oxalate  crys- 
tals.    X    450. 

Plate  6.  Tinospora  reticulata  Miers 

Fig.  43.  A  portion  of  a  transverse  section  of  the  cortical  parenchyma;  e, 
epidermis;  k,  flattened  cork  cells;  co,  calcium  oxalate  crystals; 
sc,  stone  cells;  g,  starch  grain.     X   156. 

44.  a  and  b,  a  group  of  cork  cells  isolated  by  maceration.     X    224. 

45.  A  group  of  stone  cells  isolated  from  the  cortical  parenchyma;  co, 

calcium  oxalate  crystal,     x   416. 

46.  A  longitudinal   section  of  a  young  bitter-principle  sac,   showing 

method  of  formation.     X   416. 

47.  A  transverse  section  of  a  bitter-principle  sac.     X  416. 

48.  A  portion  of  an  isolated  bitter-principle  sac.     X   416. 

49.  A  portion  of  a  transverse  section  of  the  pericycle  and  cortex;  co, 

calcium  oxalate  crystal;  scl,  sclerenchyma  cells.     X   336. 

50.  A  portion  of  the  longitudinal  section  cut  through  the  same  region 

as  shown  in  fig.  49;   co,  calcium  oxalate  crystal;   scl,  scleren- 
chyma fibers.     X   224. 

51.  A  crystal  fiber  isolated  by  maceration  from  the  outer  part  of  the 

sclerenchyma  band.     X  224. 

52.  A  group  of  parenchyma  cells  which  became  lignified,  found  be- 

tween  two    sclerenchyma   bands    in    a   transverse    section;    co, 
calcium  oxalate  crystals;  sc,  stone  cells.     X    224. 

53.  A  portion  of  a  transverse  section  of  a  vascular  bundle;  co,  calcium 

oxalate  crystals;  mv,  metaxylem  vessel  with  tyloses;  pr,  pith  ray 
cells.     X    156. 

54.  A  group  of  cells  isolated  by  maceration;  a,  sclerenchyma  fibers;  b, 

xylem  parenchyma;  c,  a  tracheid  with  spiral  thickening;  d,  a 
vessel  cell.     X  104. 

Plate  7.  Tinospora  reticulata  Miers 

Fig.  55.  A  portion  of  a  transverse  section  of  the  pith;  sc,  parenchyma 
cells  becoming  lignified.     X    112. 

56.  a  to  c,  a  group  of  isolated  wood  fibers.     X  112. 

57.  An  isolated  vessel  cell.     X   112. 

58.  a  to  d,  a  group  of  isolated  lignified  parenchyma  cells  from  the 

pith  of  a  young  stem.     X  112. 
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Fig.  59.  a  to  c,  a  group  of  stone  cells  from  the  pith  of  an  adult  stem. 
X   112. 

60.  A  transverse  section  cut  through  the  pith  of  an  adult  stem;  se, 

stone  cell.     X    112. 

61.  A  longitudinal  section  corresponding  to  fig.  56;  co,  calcium  oxalate 

crystal;  sc,  stone  cell.     X   112. 

62.  A  transverse  section  cut  through   the  midrib;    col,  collenchyma ; 

scl,  sclerenchyma  band;  as,  air  space.     X  362. 

63.  A  surface  section  of  the  upper  epidermis.     X  221. 

64.  A  surface  section  of  the  lower  epidermis;  g,  glandular  hair;  co, 

calcium  oxalate  crystals  in  raphides.     X   221. 
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INTRODUCTION 

The  disease  known  as  framboesia  tropica,  or  yaws,  presents  no 
practical  problem  to  the  practitioner.  The  etiology  of  the  disease 
has  been  established  and  it  is  one  of  the  easiest,  if  not  the 
easiest,  of  the  systemic  diseases  of  man  to  cure.  Therefore, 
it  would  at  first  sight  seem  superfluous  to  conduct  experiments 
in  quest  of  further  knowledge  of  a  disease  the  basic  facts  con- 
cerning which  appear  to  be  so  well  established.  However,  as 
will  be  seen,  there  are  several  points  of  importance  as  well  as  of 
interest  that  require  elucidation.  The  literature  on  experimental 
yaws  is  very  limited  in  comparison  with  that  concerning  exper- 
imental syphilis.  We  may  safely  state  that,  in  this  and  many 
other  tropical  countries,  there  are  far  more  people  affected 
by  yaws  than  by  syphilis.  Castellani(3)  said  in  1906  that  "nu- 
merous experiments  are  necessary;"  Ashburn  and  Craig (i)  re- 
marked in  1907,  "The  literature  relating  to  the  production  of 
framboesia  is  monkeys  *  *  *  is  very  limited ;"  and  Sellards 
and  Goodpasture (29)  in  1923  complain  that  "the  experimental 
data  are  extremely  meager"  and  "the  evidence  of  tertiary  mani- 
festations rests  chiefly  upon  clinical  grounds  and  not  upon  any 
exact  demonstration  in  the  laboratory." 

From  the  epidemiologic  viewpoint  the  mode  of  transmission 
of  the  disease  among  humans  is  not  very  clear.  The  question 
of  immunity  is  unsettled.  Moreover,  the  question  of  the  relation 
of  yaws  to  syphilis  still  awaits  an  answer. 

DISCUSSION  OF  THE  PROBLEM 

The  problem  as  it  presents  itself  for  experimental  study  on 
animals  is  best  made  evident  by  a  critical  analysis  of  the  ex- 
periments already  performed  by  various  authors  who,  in  par- 
ticular, have  inquired  into  the  problems  of  cross  immunity  and 
the  question  of  the  identity  of  framboesia  and  syphilis.  Shortly 
after  the  discovery  by  Castellani  of  the  cause  of  yaws,  several 
groups  of  investigators  undertook  the  experimental  study  of  the 
disease.  Inspection  of  the  available  literature  makes  it  apparent 
that  the  outstanding  workers  in  this  field  are  considered  to  be 
Neisser  et  al.,(20)  in  Java;  Castellani, (5)  in  Ceylon;  Levaditi 
et  al.,(i3)  in  France;  and  Ashburn  and  Craig, (D  in  the  Phil- 
ippines. These  investigations,  as  already  stated,  were  begun 
shortly  after  the  discovery  by  Castellani  of  Treponema  pertenue; 
that  is,  in  1906  and  1907.  Nothwithstanding  the  lapse  of  two 
decades,  this  work  still  is  being  quoted  in  textbooks  and  other 
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publications  as  though  the  problem  of  immunity  and,  conse- 
quently, the  question  of  the  nonidentity  of  yaws  and  syphilis  had 
been  settled  beyond  peradventure  at  that  early  period.  It  soon 
becomes  evident  to  anyone  who  undertakes  a  critical  analysis 
of  these  early  experiments  that  these  several  groups  of  students 
arrived  at  conclusions  that  may  be  mildly  characterized  as  con- 
tradictory. That  is,  in  some  instances  their  findings  are  in 
agreement  and  in  others  they  are  in  disagreement  with  experi- 
mental observations  made  on  yaws  as  the  disease  occurs  in 
man.  The  results  of  experimentation  with  yaws  on  the  human 
subject  are  no  less  confusing;  nor  are  they  at  all  conclusive. 
With  regard  to  experiments  on  immunity  in  yaws,  it  is  at  once 
evident  that  the  question  of  identity  or  difference  between  yaws 
and  syphilis  was  paramount  in  the  minds  of  the  investigators. 
In  short,  on  reviewing  the  work  of  these  authors,  we  discover 
that,  while  they  developed  a  considerable  volume  of  knowledge 
bearing  on  the  subject  in  general,  the  conclusions  they  drew  from 
their  experiments  on  animals  or  on  humans  were  at  considerable 
divergence.  One  is  led  to  the  conclusion  that  the  cause  of  the 
confusion  is  to  be  found  in  the  experimental  methods  employed  in 
some  of  the  work.  The  number  of  experiments  performed  is  too 
small  to  afford  a  scientific  basis  for  the  conclusions  drawn. 
It  is  likewise  seen  that  similarly  definite  conclusions  were  based 
on  negative  results,  no  consideration  apparently  having  been 
given  to  the  possibility  that  failure  may  have  been  due  to  the 
employment  of  faulty  technical  arrangement. 

The  investigations  of  Neisser(20)  and  his  coworkers  yield 
sufficient  evidence  to  show  that  neither  does  syphilis  immunize 
against  yaws  nor  yaws  against  syphilis,  when  infection  and 
superinfection  take  place  under  the  conditions  under  which  their 
experiments  were  conducted.  However,  the  negative  results 
attained  in  their  efforts  to  produce  superinfection  with  yaws 
in  frambcesic  animals  require  explanation,  especially  as  their 
account  fails  to  show  that  the  viability  and  infectivity  of  the 
material  they  used  for  the  superinfection  of  yaws  monkeys  were 
tested  by  inoculation  into  control  animals.  The  same  objection 
arises  in  connection  with  the  work  of  Levaditi  and  Nattan-Lar- 
rier.(i3)  They  were  not  able  to  produce  yaws  in  syphilitic 
monkeys.  Castellani,(6)  however,  proved  that  frambcesic  ani- 
mals can  be  infected  with  syphilis.  Ashburn  and  Craig (l)  are 
quoted  as  having  concluded  that  Philippine  monkeys  are  sus- 
ceptible to  yaws  but  not  to  syphilis.  It  seems  quite  evident  from 
the  foregoing,  therefore,  that  these  questions  cannot  be  definitely 
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answered  unless  the  course  of  the  disease  as  it  occurs  in  monkeys 
is  thoroughly  known,  and  unless  a  gradually  developing  immunity 
can  be  made  apparent  by  definitely  recognizable  and  reliable 
signs.  Close  attention  must  be  paid  to  the  character  of  the 
lesion  in  animals  with  a  view  of  discovering  in  them  such  modi- 
fication of  the  frambcesic  manifestations  as  are  known  to  exist 
in  man.  This  is  because  convincing  evidence  of  immunity  can- 
not be  considered  to  be  afforded  by  the  phrase  "negative  take," 
when  at  the  same  time  it  is  clearly  apparent  that  the  material 
used  in  inoculation  has  not  been  tested  in  control  animals  and 
only  one  attempt  at  infecting  the  animal  was  made.  Sellards 
and  Goodpasture  (29)  crystallize  the  situation  in  the  remark  "Be- 
fore concluding  that  yaws  affords  no  protection  whatever  against 
syphilis,  it  would  be  desirable  to  demonstrate  that  some  degree 
of  immunity  had  been  established  to  yaws  itself  before  testing 
the  resistance  to  syphilis/'  That  these  two  diseases  are  closely 
related  is  admitted  with  greater  or  less  frankness,  by  all  inves- 
tigators, including  the  "Dualists."  This  is  evident  from  such 
statements  as  "yaws  is  no  more  syphilis  than  leprosy  is  tuber- 
culosis," and  "the  relation  of  the  two  diseases  can  be  compared 
with  the  relation  of  tertiana  to  tropical  malaria." 

It  would  seem  unnecessary  to  argue  that  this  problem  can  be 
solved  by  other  than  experimental  means;  there  are  too  many 
disturbing  factors.  Repeatedly,  other  origin  or  etiology  has 
been  assigned  to  lesions  in  man  attributed  to  yaws.  Even  when 
it  has  been  possible  to  demonstrate  spirochetes  in  these  lesions, 
thus  fulfilling  the  first  postulate  of  Koch,  the  question  inevitably 
has  arisen  as  to  whether  the  spirochetes  were  Treponema  palli- 
dum or  T.  pertenue.  Experimentation  on  man  has  thrown  some 
light  on  certain  phases  of  the  problem;  but,  since  spontaneous 
syphilis  as  well  as  yaws  occurs  in  human  beings,  there  always 
will  remain  a  shadow  of  doubt  as  to  the  real  etiology  of  some  of 
the  experimentally  produced  lesions.  Moreover,  the  majority  of 
yaws  patients  are  ambulatory  cases,  and  they  present  themselves 
with  well-developed  lesions,  "primary,"  "secondary,"  or  "tertiary" 
in  type,  as  the  case  may  be.  The  opportunity  in  the  clinic  to  see 
the  beginning  of  any  type  of  frambcesia  is  exceedingly  rare. 
With  the  introduction  of  salvarsan  into  the  theraphy  of  yaws  the 
possibility  of  following  the  cases  throughout  the  entire  course  of 
the  disease  ceased  to  exist.  After  the  first  injection  of  the  drug 
the  skin  manifestations  heal  with  such  rapidity  that  the  patient 
deems  it  no  longer  necessary  to  report  to  the  clinic.  The  same 
limitations  fail  in  experiments  on  human  volunteers.     Sooner  or 
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later  the  developing  yaws  reach  such  dimensions  that  it  is 
not  justifiable  to  delay  treatment  any  longer  and  the  entire 
process  is  terminated  at  a  moment  when  the  scientific  interest 
really  begins.  Another  factor  that  militates  against  clinical 
observations  and  experimentation  on  human  beings  with  a  view 
of  deciding  the  etiology  of  protean  lesions  of  yaws  lies  in  the 
fact  that  the  greatest  variety  of  these  lesions  occurs  naturally 
in  heavily  infested  regions  where  practically  everybody  has,  or 
has  had,  yaws.  The  choice  of  volunteers  thereupon  becomes 
difficult  and  sometimes  impossible.  In  the  face  of  such  exten- 
sive infestations  it  is  difficult  to  ignore  the  possibility  that  other 
skin  lesions,  having  nothing  whatever  to  do  with  f  rambcesia,  may 
as  well  occur  in  a  f rambcesic  patient  as  in  one  who  is  not  suffering 
with  yaws.  In  other  words,  the  exclusion  of  nonspecific  lesions 
by  comparison  under  such  conditions  offers  a  difficult  as  well 
as  a  highly  important  problem.  The  difficulty  of  differential 
diagnosis  of  protean  lesions  of  yaws  in  particular  becomes  far 
greater  if  one  remembers  the  great  similarity  between  certain 
manifestations  of  yaws  and  certain  manifestations  of  syphilis. 
Even  though  spirochetes  be  found  in  a  lesion  the  possibility 
of  their  being  Treponema  pallidum  and  not  T.  pertenue  unfor- 
tunately exists.  In  1912  Plehn(25)  arrived  at  the  conclusion 
that  "one  can  therefore  say  with  regard  to  differentiation  of 
certain  late  frambcesic  from  late  syphilitic  lesion"  *  that  "the 
possibility  of  further  investigation  in  the  clinical  field  lacks  all 
grounds."  In  my  judgment  it  would  be  beyond  reason  to  de- 
mand the  fulfillment  of  Koch's  first  postulate — the  actual  de- 
monstration of  Treponema  pertenue  in  a  lesion — as  the  absolute 
criterion  for  its  determination  as  of  framboesic  origin.  If  it  be 
borne  in  mind  that  under  natural  conditions  lower  animals 
suffer  from  neither  spontaneous  syphilis  nor  spontaneous  yaws, 
it  will  seem  quite  as  apparent  to  others  as  it  is  to  me  that  the 
production  in  these  animals  of  lesions  clinically  and  anatomically 
characteristic — in  short,  in  main  respects  identical  with  those 
found  in  man — will  afford  as  convincing  proof  of  the  etiology  of 
the  lesions  as  can  possibly  be  produced  at  the  present  time. 
At  all  events,  such  a  criterion  meets  the  terms  of  the  third  pos- 
tulate of  Koch,  which  requires  the  experimental  production  of 
the  disease. 

An  account  of  the  inoculation  experiments  on  animals  lower 
than  monkeys  is  not  included  in  this  short  review  of  the  history 

*  The  translations  of  passages  quoted  from  papers  in  languages  other 
than  English  are  mine. — 0.  S. 
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of  experimental  yaws  in  animals.  The  intratesticular  inocula- 
tion of  Treponema  pertenue,  like  that  of  T.  pallidum,  is  a  valua- 
ble laboratory  method  to  secure  material  in  which  the  treponemas 
are  free  from  bacterial  contamination  and  to  maintain  them  in 
that  condition,  as  well  as  a  preliminary  step  toward  obtaining 
pure  cultures  of  the  organism.  However,  the  possibilities  of 
experimentally  solving  by  this  procedure  some  of  the  dark  chap- 
ters in  our  knowledge  of  human  frambcesia  are  very  limited. 
The  testicular  tissue  is  neither  the  portal  of  entry  nor  even  the 
favorite  place  of  localization  of  Treponema  pertenue.  The  ex- 
perimental possibilities  of  this  method  have  been  practically 
exhausted  by  Nichols  (21-23)  and  by  Matsumoto,  Ikegami,  and 
Takasaki,(i7)  so  far  as  frambcesia  is  concerned.  The  intrates- 
ticular inoculation  of  Treponema  pertenue,  being  an  artificially 
created  condition,  will  not  solve  such  problems  in  human  yaws, 
as,  for  instance,  the  etiology  of  certain  atypical  or  unique  lesions 
encountered  in  yaws-infested  countries,  and  it  is  questionable 
whether  the  problem  of  immunity  to  yaws  in  man  can  be  solved 
by  experimentation  by  means  of  intratesticular  inoculation,  as 
the  testicle  is  positively  known  not  to  be  affected  in  human  fram- 
bcesia. It  must  be  borne  in  mind  that  yaws,  as  far  as  the  human 
is  concerned,  is  primarily  a  skin  disease,  and  in  the  majority  of 
cases  remains  such,  even  though  what  may  be  called  septicaemic 
distribution  takes  place.  In  that  respect  yaws  resembles  small- 
pox so  closely  that  the  analogy  of  those  two  diseases  in  their 
pathogenesis  and  immunity  forces  itself  upon  one's  mind  de- 
spite the  fact  that  the  two  diseases  differ  from  each  other  in  many 
other  respects.  There  is  no  more  reason  to  consider  yaws  and 
syphilis  identical  in  every  respect  just  because  the  causative 
agents  as  far  as  morphology  and  biology  are  concerned  are  al- 
most indistinguishable  than  there  is  reason  for  the  assumption 
that  the  pathogenesis  and  immunity  of  tuberculosis  and  leprosy 
must  be  identical  in  every  respect.  As  leprosy  is  primarily 
a  skin  disease,  so  is  frambcesia,  while  tuberculosis  affects  pref- 
erentially the  internal  organs,  an  occurrence  which  is  secondary 
in  leprosy.  The  entire  process  and  pathogenesis  and,  conse- 
quently, immunity  in  yaws  is  so  complicated,  and  no  doubt 
so  changeable  and  different  in  its  various  stages,  that  the 
clinical  course  of  yaws  as  it  occurs  in  man  must  be  duplicated  in 
an  animal  before  all  the  varieties  and  numerous  stages  in  the 
pathogenesis  of  the  framboesic  infection  and  therefore  in  the 
immunity  can  be  discovered.  The  confusion  and  the  contradic- 
tory and  discordant  results  of  the  experiments  by  renowned 


216  The  Philippine  Journal  of  Science  nw 

investigators  of  this  wide  and  composite  problem,  both  in  ani- 
mals and  in  humans,  is  the  best  proof  of  the  complicated  in- 
tricacy of  the  entire  problem. 

With  the  foregoing  preamble  the  concrete  consideration  of 
the  following  problems,  which  have  been  attacked  in  these  ex- 
periments, will  now  be  given: 

1.  Does  framboesia  tropica  in  monkeys  run  a  course  similar 
to  that  in  man,  or  can  it  be  induced  to  do  so  by  special  experi- 
mentation? 

2.  Does  immunity  to  yaws  exist  in  animals  infected  with 
yaws,  and  how  does  it  present  itself? 

3.  Is  this  immunity,  if  it  exist,  permanent,  or  does  it  last  only 
during  the  stage  of  yaws  infection  ? 

Therefore,  without  having  attempted  any  comparison  or  cross- 
experimentation  between  syphilis  and  yaws,  I  have  endeavored 
to  extend  the  knowledge  of  experimental  yaws  and  its  immunity 
in  animals,  at  least  to  a  point  corresponding  with  the  existing 
knowledge  with  respect  to  experimental  syphilis  and  its  im- 
munity. Not  until  the  pathogeny  and  immunity  of  yaws  have 
been  thoroughly  investigated  will  it  be  possible  to  see  the  points 
in  which  these  two  diseases,  syphilis  and  yaws,  agree  and  those 
in  which  they  differ.  Furthermore,  if  lesions  in  man  suspected 
to  be  of  frambcesic  origin  can  be  duplicated  in  experimental 
animals  no  doubt  can  remain  as  to  their  identical  etiology.  In 
this  respect  the  results  of  my  experimentation  here  reported  have 
surpassed  all  expectations. 

TECHNICAL  PART 

The  impression  gained  by  early  experimentators  who  attempted 
to  transmit  yaws  to  animals,  that  lower  monkeys  are  not  sus- 
ceptible to  this  disease,  was  soon  corrected.  The  possibility  of 
successful  transmission  of  yaws  to  Philippine  monkeys  was 
demonstrated  by  Ashburn  and  Craig,  (l)  and  by  Strong  and 
Guerrero.2  I  was  an  eyewitness  of  successful  inoculations  made 
by  E.  L.  Walker  in  1912.  As  far  as  could  be  ascertained  all  of 
these  workers,  with  the  exception  of  Ashburn  and  Craig,  made 
their  inoculations  exclusively  into  the  eyebrows.  Whether  or 
not  they  were  led  by  the  statement  of  Halberstadter,(lO)  that 
anthropoid  monkeys  are  inoculable  in  all  parts  of  the  body,  but 
lower  monkeys  only  in  the  eyebrows,  I  cannot  say.  If  this  state- 
ment of  Halberstadter  be  true  it  would  indicate  that  Treponema 

2  Oral  communication. 
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pertenue  not  only  has  tissue-selective  proclivities  but  also  prefers 
skin  tissue  of  a  certain  anatomical  condition  to  skin  tissue  in 
which  this  condition  is  absent.  In  other  words,  it  would  in- 
dicate a  local,  what  might  be  termed  anatomical,  tissue  resistance. 
On  the  other  hand,  it  may  simply  mean  that  the  Treponema  must 
be  placed  in  a  certain  layer  of  the  skin  in  order  to  obtain  a  foot- 
hold, and  that  this  is  more  likely  to  happen  in  the  skin  of  certain 
parts  of  the  body  than  in  that  of  others.  The  latter  supposition 
is  more  likely  to  be  true,  since  Ashburn  and  Craig  produced  a 
positive  yaws  lesion  on  the  abdominal  skin  of  a  Philippine  mon- 
key by  the  pocket  method.  In  my  experiments  inoculations  were 
made  in  various  parts  of  the  monkey's  body,  not  with  the  primary 
purpose  to  test  the  validity  of  the  statement  made  by  Halber- 
stadter,(lO)  but  rather  to  find  the  most  convenient  part  of  the 
body  of  the  monkey  in  which  transmission  inoculation  would 
invariably  take.  Another  point  necessary  to  decide  in  these 
experiments  was  to  find  the  part  of  the  body  where  the  take  and 
the  framboesic  lesion  would  persist  for  the  longest  time  or  give 
the  greatest  yield  of  treponematous  material,  so  that  we  should 
be  able  to  maintain  the  strains  of  Treponema  pertenue  eco- 
nomically without  having  to  waste  many  animals  and  without  the 
necessity  of  constant  vigilance  for  fear  of  losing  the  strains. 
Thus  the  above-mentioned  contention  of  Halberstadter  neces- 
sarily underwent  a  test. 

TECHNIC    OP    INOCULATION 

After  several  attempts  to  devise  a  suitable  method  for  the 
transmission  of  yaws  to  monkeys,  the  following  procedure  was 
found  most  reliable  and  at  the  same  time  best  for  the  purpose  of 
clinically  studying  the  development  of  the  lesion. 

The  choice  of  material  was  dependent  on  the  presence  in 
sufficient  numbers  of  Treponema  pertenue  in  the  lesion  from 
which  the  inoculum  was  to  be  obtained.  The  oozing  lymph  from 
the  lesion  was  therefore  examined  under  the  dark  field,  and 
when  treponemas  were  found  the  lesion  was  considered  suitable 
for  the  transmission  experiment.  The  yaw  material  was  scraped 
off  with  a  scalpel  and  emulsified  gently  in  not  more  than  approx- 
imately equal  parts  of  the  scrapings  and  physiological  salt  solu- 
tion at  room  temperature  (28°  C).  After  a  thorough  emulsion 
had  been  made  in  salt  solution  another  dark-field  examination 
was  made  to  enable  us  to  judge  approximately  the  amount  to 
be  injected  according  to  the  number  of  treponemas  encountered 
in  one  loopful  of  the  emulsion.     This  emulsion  was  injected  into 
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the  monkeys  by  means  of  a  small,  sterile  hypodermic  syringe. 
More  than  one  monkey  was  injected  with  the  amount  of  material 
and,  when  the  injections  were  concluded,  another  dark-field 
examination  was  made  of  the  remnant  of  the  inoculum  to  make 
sure  that  the  treponemas  were  evenly  distributed  in  the  inoculum 
and  that  all  the  injections  performed  contained  approximately 
the  same  number  of  treponemas. 

As  yaws  is  primarily  an  infection  of  the  skin,  this  part  of  the 
work  was  concerned  mainly  with  inoculations  into  the  skin; 
and,  as  the  yaws  lesion  is  predominantly  located  in  the  superficial 
layers  of  the  skin  and  in  man  the  treponemas  are  found  in  the 
same  part  of  the  skin  in  the  largest  numbers,  the  inoculations 
were  made  intradermally.  By  this  method  attempts  were  made 
to  produce  experimental  yaws  in  the  areas  of  tight  and  tough  skin 
as  well  as  in  those  portions  of  the  body  where  the  skin  is  loose  and 
tender.  No  attempt  was  made  in  this  study  to  produce  or  to 
study  bone  lesions.  Injections  were  made  into  the  following 
regions:  The  eyebrows,  the  nose,  the  breast  and  the  mammae, 
the  tail,  the  periumbilical  region,  the  scrotum,  the  prepuce,  the 
palms  of  the  hands,  the  lips,  the  nasal  septum,  the  perianal  re- 
gion, and  the  labia  majora.  It  may  be  of  interest  to  note  that 
repeated  inoculations  by  injection  or  scarification  into  the  nasal 
and  vaginal  mucous  membrane  persistently  failed  to  take. 

Intradermal  injections  were  employed  in  the  greatest  number 
of  experiments,  in  preference  to  scarification  or  the  pocket 
method  of  inoculation.  In  this  way,  complications  of  the  pri- 
mary efflorescences  arising  through  mechanical  injuries  caused 
by  inoculation  were  largely  avoided. 

The  needle  was  inserted  subcutaneously  some  distance  from 
the  place  at  which  the  material  actually  was  to  be  injected  and 
the  point  of  the  needle  was  led  up  into  the  skin  so  as  to  perform 
the  intradermal  injection.  In  some  experiments  scarification  and 
pocket  insertion  were  used  also,  the  particular  object  being  to  dis- 
cover which  of  these  methods  would  give  the  highest  number 
of  positive  takes  under  otherwise  equal  conditions. 

The  results  tabulated  in  Table  1  show  that  successful  inocula- 
tions were  obtained  on  the  skin  of  the  nose,  tail,  scalp,  scrotum, 
and  eyebrows,  while  the  ears,  mamilla,  palms  of  the  hands, 
labia  majora,  lips,  and  perianal  region,  as  well  as  the  chest 
and  the  abdomen,  gave  repeatedly  negative  results.  These  re- 
sults naturally  do  not  mean  that  the  skin  of  those  parts  of  the 
body  where  no  lesions  were  produced  by  intradermal  inoculation 
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or  scarification  are  absolutely  immune,  and  that  an  initial  local 
lesion  could  not  be  produced  at  all.  Metastatic  lesions,  or  ex- 
tension by  continuity  of  local  lesions  to  these  anatomical  regions, 
were  observed  from  time  to  time.  The  results,  however,  show 
that  the  highest  percentage  of  takes  was  obtained  by  intradermal 
inoculation  in  the  scrotum  and  in  the  eyebrows.  It  should  be 
further  mentioned  that  the  eyebrow  lesion  is  more  likely  to  run 
a  short  course  and  present  the  dry  form  of  yaws,  while  the  yaws 
lesion  on  the  skin  of  the  scrotum  is  very  extensive,  giving  a  large 
amount  of  material,  and  as  a  rule  is  of  longer  duration.  Fur- 
thermore, the  yaws  lesion  on  the  eyebrows  is  more  exposed 
to  accidental  injury  than  is  that  on  the  scrotum. 

Table  1. — Showing  the  results  of  attempts  at  inoculation  of  yaws  into  the 
skin  of  various  parts  of  the  body  in  Philippine  monkeys. 


Monkeys  used. 

Place  of  inoculation. 

Result  of  inoculation. 

Positive. 

Negative. 

4 

Ears .  .       .  _ 

0 
0 
0 
0 
5 
1 
0 
1 
7 
14 
0 

4 
5 
4 
3 
10 
0 
2 
0 
0 
2 
3 

6._. 

Mamilla .  -  .  .  . 

i       4 

Palms  of  hands 

i 

!       3 - 

i     16 

Skin  of  nose. ..  . . 

;     i 

Tail 

i     2 

Chest  and  abdomen    .  . 

i _ 

Scalp 

1     7 : 

Scrotum _   _       .  _ 

!      16 

!    3 

Septum  nasi _  _         _   . 

EXPERIMENTAL  ANIMALS 

The  animals  used  in  these  experiments  were  common  Philippine 
monkeys,  usually  termed  Cynomolgus  philippinensis  Geoffroy. 
Most  of  these  animals  came  from  Laguna  Province,  though  a 
few  came  from  Bataan  Province,  both  of  which  are  near  Manila. 
They  were  used  at  random;  that  is,  old,  vigorous,  young  and 
small,  some  recently  captured,  and  some  that  had  been  kept  in 
captivity  for  some  time.  No  attempt  was  made  at  zoological 
identification.  It  was  noticed  that  the  age  or  physical  condition 
of  the  animal  bore  no  relation  to  susceptibility  to  yaws.  As  a 
matter  of  fact,  some  small  and  young  animals  gave  faint  lesions 
while  vigorous  and  old  animals,  as  it  happened,  gave  the  greatest 
variety  of  yaws  lesions  of  the  longest  duration. 
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STRAINS  OF  TREPONEMA  PERTENUE 

All  the  strains  of  Treponema  pertenue  that  were  used  in  these 
experiments  were  obtained  from  patients  in  the  Philippines. 
The  strains  were  secured  by  direct  inoculation  from  patient 
to  monkey  and  maintained  by  inoculation  from  monkey  to 
monkey.  Text  fig.  1,  page  229,  shows  the  successive  passages. 
Altogether  five  strains  were  secured  in  this  manner,  but  most 
of  the  experiments  were  conducted  and  the  lesions  described 
herein  produced  with  the  strain  called  by  the  patient's  name 
"Cadangan."  Besides  this,  several  other  strains  were  isolated 
in  the  lowlands ;  that  is,  in  the  vicinity  of  Manila.  The  mountain 
strains,  called  "Kiangan,"  for  the  locality  where  they  were  se- 
cured, (15)  proved  of  low  infectivity  as  far  as  monkeys  are  con- 
cerned. The  lesions  produced  in  monkeys  on  first  inoculation 
with  these  strains  were  of  very  short  duration  and  very  mild, 
having  healed  suddenly  in  the  early  second  stage  of  development 
of  local  yaws. 

The  actual  number  of  treponemas  necessary  to  reach  the 
subepidermal  layer  is  very  small.  We  have  seen  typical  fram- 
bcesic  lesions  develop  following  an  inoculation  of  less  than  a  half 
cubic  centimeter  of  suspension  of  framboesic  material  in  which 
under  dark-field  illumination  only  one  or  two  treponemas  could 
be  found  in  a  search  of  from  sixly  to  one  hundred  fields.  The 
lesions  developed  in  due  time,  provided  the  inoculum  was  placed 
intradermally.  Indeed,  typical  lesions  were  produced  by  inocu- 
lation of  yaws  material  in  which  a  thorough  search  under  the 
dark  field  failed  to  show  any  treponemas  whatsoever. 

SUSCEPTIBILITY    OF   PHILIPPINE    MONKEYS    TO    YAWS 

The  susceptibility  to  yaws  of  the  animals  used  by  us  is  con- 
siderable and  with  a  little  care  no  difficulty  is  experienced  in 
infecting  Philippine  monkeys  with  yaws;  in  the  course  of  these 
investigations  one  hundred  twenty  Philippine  monkeys  have  been 
successfully  inoculated.  Most  of  these  animals  were  inoculated 
with  one  and  the  same  strain  of  yaws  from  monkey  to  monkey. 
No  difficulty  was  experienced  in  transmitting  yaws  to  these 
animals  for  the  first  time  directly  from  man.  Of  the  seven 
attempts  to  transmit  yaws  from  patients  with  florid  yaws  to 
monkeys  only  one  failed.  Five  patients  and  seven  animals  were 
involved  in  these  experiments  of  yaws  transmission  directly 
from  man  to  animals. 
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CLINICAL  PART 

THE  INITIAL  EXPERIMENTAL  FRAMBCESIC  LESION   ON   THE  EYEBROWS  OP 
PHILIPPINE  MONKEYS 

Immediately  after  the  intradermal  injection  of  0.1  to  0.2  cubic 
centimeter  of  the  inoculum  into  the  eyebrows  there  is  visible 
a  flat,  pale  elevation  which  the  next  day  is  surrounded  by  slight 
oedema.  This  oedema  disappears  and  there  follows  a  period  of 
lull.  About  three  to  five  weeks  after  the  injection  there  appears 
either  a  single  papule,  multiple  acuminated  papules,  or  a  flat 
indurated  papule,  the  first  stage  (Plate  1,  fig.  1),  which  spreads 
gradually  within  the  area  of  the  eyebrow  and  presents  a  lobul- 
ated,  indurated,  raised,  oval  lesion  with  unbroken  surface  (Plate 
1,  fig.  2).  This  lesion  sometimes  measures  1  to  2  centimeters  by 
0.5  centimeter,  is  oval,  and  the  coarse  hair  within  the  lesion 
of  the  eyebrows  is  preserved  while  the  fine  hair  usually  is  missing 
by  the  time  the  lesion  has  reached  these  dimensions.  Sooner 
or  later  there  appear  on  the  surface  of  the  lesion  erosions  and 
rhagades,  either  traumatic  or  spontaneous.  These  erosions  soon 
become  covered  with  a  rather  soft,  brittle  crust  of  amber  color. 
The  coloration  is  imparted  by  the  lymph  which  oozes  from  the 
fissures.  The  color  of  the  crust  covering  the  larger,  traumatic 
erosions  may  be  darker  as  a  result  of  an  admixture  of  blood 
with  the  lymph. 

When  the  scabs  are  removed  an  oozing,  slightly  bleeding 
granulation  tissue  becomes  visible.  This  lesion  represents  the 
second  stage  of  the  frambcesic  process  in  monkeys  and  corre- 
sponds to  the  typical  yaw  in  man. 

Later  there  is  noticeable  a  central  flattening,  so  that  the  lesion 
assumes  a  circinated  form,  apparently  healing  in  the  center 
and  progressing  on  the  periphery.  This  constitutes  the  third 
stage,  or  "ringworm  form."  The  spreading  of  the  lesion  in 
this  stage  is  simultaneous  along  the  entire  margin  of  the  origi- 
nal lesion.  At  the  same  time,  it  progresses  as  a  linear  lesion 
covered  with  thin,  dry  scabs.  The  extension  of  this  lesion  is 
much  more  rapid  toward  the  forehead  than  it  is  toward  the 
eyelid.  It  therefore  assumes  a  semilunar  form  the  convexity 
of  which  is  toward  the  top  of  the  skull.  It  then  descends  the 
bridge  of  the  nose,  producing  a  butterfly  effect  down  the  side  of 
the  nose  where  it  appears  as  a  linear  lesion  toward  the  outer 
canthus  of  the  corresponding  eye.     As  the  lesion  spreads  it 
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becomes  drier;  there  is  less  oozing  and  it  becomes  less  elevated 
than  it  was  in  the  beginning.  The  tissue  reaction  at  this  stage 
being  very  mild,  the  lesion  gradually  develops  to  a  narrow  line 
of  dry  scabs.  These  bear  a  closer  resemblance  to  circinated 
psoriasis  than  they  do  to  ringworm,  to  which  they  have  fre- 
quently been  likened.  Before  the  lesion  completely  disappears  it 
assumes  the  form  of  a  narrow,  flat,  circinated  line  which  under- 
goes a  branlike  desquamation  and  exhibits  only  slight  hyperemia 
at  the  base.  Both  the  upper  and  the  lower  eyelids  almost  in- 
variably escape  involvement  in  this  spreading  frambcesic  lesion. 

The  progress  of  the  lesion  usually  stops  when  it  has  reached 
the  tip  of  the  nose,  the  lower  margin  of  the  zygomatic  bone 
below  the  eye,  and  the  top  of  the  skull  above  the  eyebrow.  In 
some  instances,  however,  the  lesion  has  entered  the  nostril  and 
established  itself  on  the  internal  surface  of  the  ala  nasi;  that 
is,  on  the  mucocutaneous  border.  It  tends  to  persist  there 
longer  than  on  the  face  as  dry,  slightly  adherent  scabs  without 
much  reaction  in  the  underlying  tissue.  It  finally  disappears 
completely. 

Although  the  initial  local  yaw  as  a  rule  heals  in  the  manner 
described  above,  two  more  stages  in  a  local  yaw  are  occasionally 
encountered.  In  as  much  as  analogous  late  skin  lesions  of  meta- 
static experimental  yaws  occur  in  animals,  they  are  mentioned 
here  as  the  fourth  and  the  fifth  stage.  Not  infrequently,  after 
the  yaws  on  the  eyebrows  and  on  the  bridge  of  the  nose  have 
healed  after  having  spread  upward  and  downward  beyond  these 
regions,  there  remains,  for  a  considerable  time,  on  the  eyebrows 
and  the  bridge  of  the  nose,  a  dry  desquamation  on  a  rather 
thickened  skin.  This  may  be  designated  the  fourth  stage.  Af- 
ter this,  the  skin  on  the  bridge  of  the  nose  becomes  shiny  and, 
ultimately,  irregular  pigmented  spots  appear.  These  persist, 
forming  the  fifth  stage  (see  Plate  17,  fig.  1). 

The  description  of  the  development  of  the  frambcesic  lesion 
as  given  above  is  typical  of  the  most  extensive  primary  lesions 
observed  arising,  apparently,  from  a  virulent  strain  of  spiro- 
chaeta  in  single-infected  monkeys.  We  have,  however,  observed 
in  monkeys  injected  either  with  poor  inoculum  or  with  strains 
of  apparently  low  virulence  (Kiangan  mountain  strains)  that 
the  lesion  stopped  and  disappeared  without  having  assumed  the 
second  stage  described  above.  In  other  instances  we  have  seen, 
the  lesion  has  ceased  to  progress  and  healing  has  taken  place 
before  it  has  reached  the  upper  limits  on  the  skull  and  face  as 
has  been  described.     In  other  words,  in  the  case  of  animals 
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inoculated  for  the  first  time,  we  have  seen  instances  in  which  the 
progress  of  the  lesion  has  been  arrested,  regression  has  taken 
place,  and  eventually  all  evidence  of  f rambcesic  infection  has  dis- 
appeared. This  phenomenon,  it  should  be  noted,  may  occur  at 
any  stage  in  the  development  of  the  initial  local  lesion. 

If  the  eyebrows  on  both  sides  be  injected  with  the  same  ma- 
terial at  the  same  time  the  resulting  lesions,  in  either  the  second 
or  the  third  stage,  ultimately  meet  and  become  confluent  with- 
out any  apparent  effect  of  one  lesion  upon  the  other,  although 
one  lesion  may  develop  earlier  than  the  other. 

THE    INITIAL   EXPERIMENTAL    FRAMBCBSIC    LESION    ON    THE   SCROTUM 
OP  PHILIPPINE  MONKEYS 

In  the  previous  section  mention  was  made  of  the  fact  that  the 
initial  local  lesion  spreads  from  the  eyebrows  along  the  scalp 
down  the  bridge  of  the  nose  to  the  cheeks  but  persistently  avoids 
the  loose,  soft  skin  of  the  lids.  Many  inoculations  were  made 
into  the  scrotum  by  the  pocket  method.  That  is,  a  piece  of 
tissue  with  its  adherent  scabs  was  implanted  in  the  subcutaneous 
tissue  close  to  the  cutaneous  surface.  The  skin  of  the  scrotum 
is  similar  to  that  of  the  eyelid  in  that  it  is  thin  and  loose.  How- 
ever, the  lesion  so  produced  presented  a  somewhat  different 
picture.  A  marked  and  extensive  cedema  appeared,  which  was 
followed  by  a  deep  induration  at  the  place  where  the  inoculum 
was  implanted.  Ultimately,  there  developed  a  superficial  lesion 
that  spread  out  irregularly.  The  surface  was  moist  and  was 
surrounded  by  an  area  of  intact  skin  infiltrated  by  a  rather 
hard  oedema.  In  some  places  the  margins  were  slightly  under- 
mined ;  in  others  they  were  flat.  It  is  mainly  this  oedema  of  the 
surrounding  skin  that  produces  the  ulcerlike  appearance  of  the 
skin  lesion.  When  the  cedema  is  not  very  pronounced,  the  true 
character  of  the  lesion  is  evident.  It  is  then  seen  to  be  an  ele- 
vated, granulomatous  lesion,  covered  with  brownish  yellow  scabs 
and  surrounded  by  a  slightly  elevated  reddish  zone.  The  lesions 
spread  without  much  healing  in  the  center  and  involved  the  entire 
half  of  the  scrotum  and  sometimes  the  base  of  the  penis  before 
they  started  to  regress.  The  healing  took  place  gradually,  the 
regenerated  skin  dividing  the  large  lesion  into  numerous  small 
ones  which  gradually  became  covered  with  crust.  The  deep 
infiltration  persisted. 

When  the  inoculum  was  injected  intradermally  into  the  scro- 
tum by  means  of  a  syringe  the  lesion  proceeded  similarly,  except 
that  the  deep  induration  and  the  oedema  were  absent.    It  began 
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as  a  reddish  papule,  which  gradually  spread  in  the  way  just  de- 
scribed (see  Plate  2,  fig.  1).  The  main  characteristic  of  the 
primary  lesion  in  soft  skin,  such  as  that  of  the  scrotum,  is  that 
it  is  more  extensive  and  does  not  show  so  much  tendency  to 
central  healing  as  does  the  lesion  on  the  eyebrows  or  on  the  nose. 

THE  INCUBATION  PERIOD  OF  EXPERIMENTAL  INITIAL  LOCAL  YAW  IN 
PHILIPPINE   MONKEYS 

The  incubation  period  in  higher  monkeys  is  given  by  Halber- 
stadter  as  from  twenty-two  to  fifty  days,  in  gibbons  from 
thirteen  to  fourteen  days,  and  in  Macacus  from  ninety-one  to 
ninety-six  days.  Nichols  gives  the  incubation  period  as  twenty- 
four  days;  White  and  Tyzzer  give  it  as  sixteen  days;  Ashburn 
and  Craig,  approximately  twenty  days;  Levaditi  gives  it  as 
between  twenty-four  and  fifty-two  days.  The  initial  lesions 
described  above  developed  in  our  animals  on  an  average  in  twenty- 
six  days,  the  shortest  incubation  having  been  seventeen  and  the 
longest,  fifty-two  days. 

THE  DURATION  OF  EXPERIMENTAL  INITIAL  LOCAL  YAW  IN  PHILIPPINE  MONKEYS 

The  duration  of  the  initial  local  yaw,  experimentally  produced 
in  monkeys,  is  subject  to  great  variations.  Halberstadter(lO) 
gives  a  duration  of  from  three  to  four  weeks  in  lower  monkeys, 
while  in  the  orang-utan  the  lesion  has  been  observed  to  last  more 
than  three  months.  White  and  Tyzzer  (32)  noted  the  duration 
of  the  lesion  for  seven  weeks,  while  Ashburn  and  Craig (l)  re- 
ported persistence  for  a  period  of  between  ten  and  eighty-four 
days.  In  the  case  of  two  monkeys  in  our  series  inoculated  with 
the  "mountain  strains,"  the  duration  was  very  short.  The  dura- 
tion of  a  superciliary  lesion  in  our  experiments,  provoked  by  the 
method  given  above  and  with  inoculum  containing  a  fair  number 
of  treponemas,  was  on  the  average  eighteen  days,  while  the 
scrotal  lesion  lasted  twenty  days.  These  figures  show  the  dura- 
tion of  the  actual  initial  yaw ;  that  is,  of  the  second  stage. 

LOCAL  EXACERBATIONS  OF  INITIAL  LOCAL  EXPERIMENTAL  YAW  IN 
PHILIPPINE   MONKEYS 

The  periodic  exacerbations  of  apparently  stationary  or  regres- 
sing local  yaws  lesions  have  been  referred  to  in  the  literature 
as  local  "recidives."  3    In  our  experiments  exacerbations  were 

*  No  period  of  latency  intervenes  between  the  original  local  yaws  and  the 
so-called  "recidives."  Consequently,  the  term  exacerbations  seems  more 
appropriate. 
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noticed  in  a  certain  proportion  of  inoculated  monkeys.  The  local 
exacerbations  occurred  not  only  in  the  eyebrows  but  also  in  the 
scrotum.  A  photograph  of  an  unusual  and  extensive  local  exacer- 
bation on  the  eyebrows  and  scrotum  is  shown  in  Plate  3.  As  a 
general  rule,  the  local  exacerbations  are  smaller  in  extent  than 
is  the  original  lesion.  They  always  occur  in  the  skin  already 
affected,  usually  involving  only  a  part  of  the  area  of  the  original 
lesion.  As  a  rule,  they  are  located  on  the  margin  of  the  old  lesion 
and  spread  by  continuity,  running  the  same  course  as  a  primary 
yaw.  They  are  rarely  confluent,  as  in  the  case  illustrated  where 
the  exacerbation  resulted  in  a  lesion  much  more  intensive  than 
the  original  experimental  yaw.  They  are  sometimes  multiple 
when  the  healing  skin  has  intersected  the  old  lesion  into  two  or 
more  islands.  Local  exacerbations  occurring  in  an  original  lesion 
that  is  healing  in  this  manner  are  very  misleading  to  those  who 
are  unacquainted  with  the  past  history  of  the  lesion,  and  may  be 
wrongly  interpreted  as  multiple  or  metastatic  lesions  (see  Plate 
4).  Local  exacerbations  never  have  been  seen  to  occur  in  the 
normal  skin  surrounding  the  original  lesion ;  therefore,  no  signif- 
icance can  be  attached  to  them  in  the  consideration  of  generalized 
yaws  or  even  regional  dissemination.  They  are,  however,  signif- 
icant in  the  pathogeny  of  local  yaws  and  characteristic  of  the 
nature  of  the  disease,  and  are  analogous  to  the  periodic  crops  of 
generalized  yaws.  The  local  exacerbations  have  invariably  been 
found  to  contain  spirochetes ;  they  must,  therefore,  be  considered 
as  true,  active  frambcesic  processes. 

LOCAL  OR  REGIONAL  LYMPHOGENIC  METASTATIC  YAWS  IN  PHILIPPINE  MONKEYS 

Contrary  to  the  local  exacerbations  these  lesions  are  detached 
from  the  area  of  the  skin  affected  by  the  spreading  initial  yaw, 
from  which  they  are  separated  by  a  more  or  less  wide  stretch  of 
healthy  skin  which  up  to  that  time  has  not  been  involved  in  the 
yaws  process.  They  occur,  however,  in  the  same  part  of  the 
animal's  body  in  which  the  local  lesion  established  itself.  They 
are  of  different  aspect  from  the  polypapillomatous  manifestations 
of  typical  generalized  yaws,  being  flat,  very  superficial,  dry, 
spreading,  and  covered  with  a  crumbling  dry  scab.  They  were 
observed  once  in  our  experiments,  interestingly  and  not  without 
significance  in  a  case  that  exhibited  unusually  intensive  local 
recidive  (Plate  5,  fig.  2). 

The  regional  metastatic  lesions  are  an  expression,  further  ad- 
vanced than  the  local  exacerbations,  of  the  inherent  tend- 
ency of  the  frambcesic  process  to  become  generalized,  and  to 
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achieve  this  generalization  in  successive  attacks.  Their  distribu- 
tion over  the  skin  and  their  clinical  behavior  strongly  indicate  a 
lymphogenic  rather  than  a  hematogenic  propagation.  They  are 
the  forerunners  of  generalized  yaws. 

Generalized  yaws  manifestations  are  claimed  to  have  been  pro- 
duced by  Halberstadter(20)  in  an  orang-utan  and  by  Castellani(4) 
in  a  lower  monkey.  From  the  photograph  of  the  lesion  on  the 
abdomen  of  an  orang-utan  it  is  difficult  to  judge.  The  photo- 
graph shows  the  entire  animal,  which  makes  the  lesions  proper 
too  small  to  allow  judgment.  They  may  have  been  of  the  type 
under  discussion.  It  is  possible,  however,  that  the  lesion  de- 
scribed by  Castellani  should  be  placed  in  this  group  of  yaws 
lesions  instead  of  being  interpreted  as  the  polypapillomatous 
stage  of  generalized  frambcesia. 

EXPERIMENTAL  SUPERINFECTION  AND  REINFECTION  WITH  TAWS  IN 
PHILIPPINE    MONKEYS 

Very  little  work  has  been  done  on  superinfection  and  rein- 
oculation  of  yaws  in  monkeys.  Whatever  experiments  are  re- 
corded in  the  literature  are  mostly  reinoculations,  made  for  the 
purpose  of  testing  the  reciprocal  immunity  between  yaws  and 
syphilis.  Neisser,  Halberstadter,  et  al.(20)  interpreted  the  fail- 
ure of  reinoculation  in  frambcesic  monkeys  as  being  a  sign  of 
immunity  to  yaws.  Levaditi  and  Nattan-Larrier(l3)  interpreted 
their  failure  to  infect  syphilitic  monkeys  with  yaws  as  proof  of 
cross  immunity.  Ashburn  and  Craig (l)  met  with  similar  fail- 
ure to  reinoculate  one  Philippine  monkey.  It  is  an  amazing  fact 
that,  notwithstanding  there  have  been  clinical  observations  of 
spontaneous  autoinoculations  as  well  as  successful  experimental 
reinoculations  in  human  beings,  the  contrary  doctrine  that  mon- 
keys are  not  reinoculable  with  frambcesia  has  permeated  the 
literature  of  yaws  for  the  past  twenty  years.  Instead  of  more- 
extensive  experimentation  having  been  undertaken,  all  possible 
theories  have  been  invented  to  reconcile  the  discrepancies  be- 
tween the  clinical  observations  and  experiments  on  man  and  the 
findings  in  animals.  This  is  not  to  be  wondered  at  because, 
strange  to  say,  the  results  of  reinoculations  of  yaws  in  animals 
were  uniformly  negative  and,  as  the  experiments  were  performed 
at  a  time  when  much  stress  was  placed  on  antibacterial  immunity, 
the  antitreponematous  immunity  was  expected  to  be  at  once 
complete  and  protective.  The  failures  in  experimental  reinocu- 
lation of  yaws  of  twenty  years  ago  and  the  occurrence  of  sup- 
posedly generalized  yaws  in  anthropoid  apes,  which  was  disputed 
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by  Ashburn  and  Craig,  (l)  who  observed  identical  lesions  in  lower 
monkeys,  are  used  as  differential  points  in  the  discussions  of  the 
dualistic  theory  of  syphilis  and  frambcesia.  As  recently  as  1912 
Plehn(25)  stated  at  a  meeting  of  the  German  Tropical  Society 
that,  with  regard  to  animal  experiments,  "clinical  signs  of  gen- 
eralization were  always  absent,  either  in  syphilis  or  in  fram- 
boesia,  in  lower  monkeys." 

Baermann  and  SchtifFner(2)  at  the  same  meeting  brought  out 
as  a  differential  point  between  the  two  diseases,  the  statement 
that  "in  higher  species  of  apes  secondary  manifestations  of  yaws 
occur,  as  in  syphilis ;  in  lower  monkeys,  contrary  to  syphilis,  these 
manifestations  have  not  yet  been  observed." 

The  successful  inoculation  with  yaws  of  Philippine  monkeys, 
by  Ashburn  and  Craig,  (l)  and  their  failure  to  transmit  syphilis 
to  these  animals  is  given  by  Plehn(25)  as  another  differential 
point.  He  says:  "A  particular  species  of  monkeys,  Cynomolgus 
philippinensis,  is  susceptible  to  framboesia,  but  not  to  syphilis." 

The  periodic  exacerbations  of  experimental  yaws  in  animals 
which  take  the  form  of  so-called  "local  recidives"  and  local 
metastases,  the  periodic  crops  of  general  yaws  in  human  subjects, 
the  gradual  change  of  experimental  primary  yaws  in  animals 
from  a  papule  (first  stage),  into  a  typical  yaw  (second  stage), 
then  into  the  ringworm  form  (third  stage)  and,  finally,  into 
the  framboesidelike,  narrow,  superficial  lesion,  coupled  with  some 
recent  observations  on  human  subjects,  lead  me  to  the  belief  that 
by  superinfection  and  reinfection  of  framboesic  animals  some  of 
the  manifestations  of  yaws  observed  in  man  may  be  duplicated 
in  at  least  some  of  the  experimental  animals.  Thus,  it  was 
hoped,  the  pathogeny  as  well  as  the  immunity  could  be  studied  in 
animals.  Experimentation  on  animals  with  respect  to  yaws  has 
the  advantage  over  observations  and  experiments  on  human 
beings  that  the  problem  can  be  divided  into  phases,  which  can  be 
separately  studied.  In  monkeys  inoculated  for  the  first  time,  as 
a  rule,  a  primary  yaw  only  develops.  It  runs  its  course,  re- 
gresses, and  heals  without  the  yaws  manifestation  becoming 
generalized.  This  is  of  great  advantage  if  one  wishes  to  study 
immunity  in  yaws,  as  immunity  may  or  may  not  develop  as  a 
consequence  of  initial  local  yaw.  Furthermore,  the  pathogeny 
of  certain  generalized  lesions  can  be  studied  with  the  view  to 
discover  whether  they  originate  from  a  typical  metastatic  yaw 
or  independently.  In  the  attempt  to  approach  the  problem  of 
generalized  yaws  and  of  immunity  in  yaws  experimentally,  ob- 
servations were  first  made  on  numerous  monkeys  inoculated 
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for  the  first  time.  These  observations  were  continued  for  a 
considerable  length  of  time  in  order  that  information  might  be 
secured  which  would  enable  us  to  formulate  one  or  more  criteria 
for  judging  the  effect  of  existing  or  healed  yaws  on  the  form 
of  yaws  lesions  that  develop  in  these  animals  upon  superinfection 
or  reinoculation. 

By  superinfection  as  here  used  is  meant  the  artificial  inocula- 
tion of  viable  treponemas  into  an  animal  that  already  has  devel- 
oped experimental  yaws.  The  second  inoculation  is  made  at 
the  stage  when  the  yaws  lesions,  as  a  consequence  of  the  first 
inoculation,  are  still  present  and  either  can  still  be  shown  to 
contain  treponemas  or  can  be  reasonably  expected  to  contain 
them  even  though  they  cannot  be  found  by  the  methods  employed. 

Reinfection  as  used  in  this  paper  means  the  inoculation  of 
viable  treponemas  into  an  animal  that  has  gone  through  cer- 
tain stages  of  a  yaws  infection,  and  in  which  the  yaws  lesions 
have  disappeared  as  a  result  of  specific  treatment. 

Furthermore,  another  object  of  these  experiments  was  to  study 
the  immunity,  if  such  exists,  during  the  course  of  the  artificial 
infection  in  monkeys  or  at  the  time  of  spontaneous  or  therapeutic 
recovery.  Not  only  was  the  general  immunity  tested  by  infecting 
animals  that  had  active  or  healed  yaws  in  another  place  than  that 
used  for  the  first  inoculation,  but  local  immunity  was  tested 
as  well  by  a  second  inoculation  into  healed  parts  of  the  skin 
of  the  animal  over  which  the  original  yaws  lesion  had  traversed. 
The  viability  of  the  treponemas  in  the  inoculum  was  tested 
simultaneously  on  normal  control  monkeys. 

I  wish  to  mention  again,  and  to  emphasize  the  point,  that 
up  to  the  time  when  I  began  the  superinfection  experiments 
there  was  not  a  single  case  among  the  monkeys  inoculated 
with  yaws  that  would  develop  yaws  lesions  which  might  even 
be  compared  with  the  generalized  yaws  as  observed  in  man.  In 
that  respect  the  findings  of  Ashburn  and  Craig (l)  on  Philippine 
monkeys  have  been  fully  confirmed.  The  typical  yaws  lesion 
as  described  above  developed  invariably  at  the  point  of  inocula- 
tion only  and,  although  the  lesion  gradually  involved  the  sur- 
rounding tissue,  it  always  spread  by  continuity,  no  metastatic 
lesion  ever  having  been  noted  in  other  parts  of  the  body.  It 
was  only  when  an  extensive  yaws  lesion  began  to  heal  in  such 
a  manner  that  healed  areas  of  skin  intersected  the  original 
extensive  lesion  that  an  appearance  was  produced  which  easily 
might  lead  a  casual  observer,  unacquainted  with  the  history  of 
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the  lesion,  to  interpret  it  as  a  multiple  lesion.  Local  exacerba- 
tions in  such  a  lesion  may  strengthen  this  false  impression,  as 
has  already  been  pointed  out. 

JuanCadangan,  patient,  Mapch  4,1925 
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Fig.  1.  Showing:  the  results  of  superinfection  and  the  continuous  passage  through  monkeys 
of  the  Juan  Cadangan  strain  of  yaws.  An  asterisk  indicates  passage  through  monkeys 
without  superinfection. 
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The  animals  were  frequently  seen  scratching  the  lesions  and 
pulling  off  the  scabs,  but  in  no  instance  did  lesions  develop  out- 
side of  the  original  point  of  inoculation.  In  other  words,  spon- 
taneous autoinoculation  never  was  observed  in  these  experiments. 

It  was  not  until  superinfection  experiments  were  started  that 
typical  metastatic  multiple  yaws  lesions  and  late  manifestations 
of  yaws  appeared  in  the  superinfected  animals,  clinically  and 
histologically  identical  with  those  found  in  man. 

Text  fig.  1  summarizes  the  continuous  ten  passages  of  the 
strain  Cadangan  through  Philippine  monkeys.  It  shows  the 
number  of  local,  generalized,  and  late  ulcerative  yaws  produced 
in  monkeys  with  this  strain. 

GENERALIZED    HEMATOGENIC    YAWS,    PRODUCED    EXPERIMENTALLY    IN 
PHILIPPINE   MONKEYS 

From  the  description  of  the  primary  yaw  in  monkeys  it  is 
evident,  and  should  be  emphasized,  that  only  the  superficial  parts 
of  the  skin  are  affected ;  that,  simultaneously  with  the  spreading 
on  the  periphery  of  the  lesion,  the  center  heals  as  a  rule  com- 
pletely, leaving  the  skin  to  all  appearances  normal.  By  repeated 
superinfection  yaws  lesions  were  successfully  produced  by  me  in 
some  of  the  animals  that  were  different  in  clinical  appearance 
and  course  from  those  described  as  initial  yaws.  It  was,  how- 
ever, nothing  unusual  to  observe  a  lesion  upon  second  inoculation 
which  in  no  way  differed  from  the  typical  initial  yaw.  The 
unusual  lesions  resulting  from  superinfection  were  of  several 
kinds.  First  of  all  there  resulted  a  diffuse,  simultaneous,  ex- 
tensive, and  very  intensive  local  lesion  over  the  entire  nose 
and  eyebrows  or  scrotum,  with  numerous  treponemas.  This 
local  lesion  was  identical  with  the  extensive  local  exacerbation 
and  was  followed  shortly  by  a  generalized  eruption  of  typical 
yaws. 

Typical  metastatic  yaws. — The  typical  metastatic  yaw  in  mon- 
keys commences  as  a  small  papule  which  spreads  on  all  sides 
and  soon  becomes  covered  with  more  or  less  pronounced  scab, 
due  to  the  lymph  oozing  out  of  the  lesion.  The  lesion  is  elevated, 
flat,  sharply  outlined  and,  as  a  rule,  oval.  It  never  reaches  the 
size  of  the  primary  yaw,  but  in  these  experiments  it  was  some- 
times observed  to  assume  a  considerable  size;  that  is,  0.5  cen- 
timeter by  1  centimeter  (see  Plate  6,  fig.  2).  When  this  size  is 
reached  the  lesion  becomes  stationary  and  a  central  flattening 
is  noticed  which  extends  toward  the  periphery  of  the  lesion. 
Thus  the  lesion  heals  gradually  in  toto,  leaving  a  pigmented  mark 
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that  can  be  noticed  long  after  the  lesion  has  healed.  Not  in- 
frequently, however,  the  metastatic  yaw  reaches  not  more  than 
0.5  centimeter  in  diameter  and  presents  a  dark  crust  set  upon  an 
elevated  basis,  which  abruptly  vanishes  into  the  normal  skin. 
Upon  removal  of  this  crust  granulating,  oozing,  papillomatous 
formation  is  visible  (Plate  6,  fig.  1). 

When  the  last-mentioned  form  of  metastatic  yaw  becomes 
stationary,  when  it  has  reached  the  size  of  not  more  than  0.5 
centimeter  in  diameter,  it  resembles  in  every  respect  the  papular 
form  of  yaws  as  known  in  man. 

Not  always,  however,  does  the  metastatic  yaw  heal  in  toto, 
but  frequently,  after  reaching  the  full  size,  it  becomes  stationary 
and  sends  off  on  the  periphery  a  circular  line  of  dry  scabs  that 
progresses  on  the  periphery  while  the  yaw  proper  is  stationary. 
This  manner  of  propagation  brings  about  a  concentric  circular 
effect,  as  seen  in  Plate  16,  fig.  1. 

Ringworm  yaws. — The  ringworm  form  of  metastatic  yaws, 
frequently  encountered  in  patients,  could  be  studied  from  the 
early  beginning  to  its  full  development  and  healing.  The  horse- 
shoe effect  or  the  semicircular  arrangement  of  the  ringworm 
yaw  is  due  to  the  semicircular  arrangement  of  multiple  initial 
papules  which,  in  growing,  become  confluent.  This  form  of 
yaws  experimentally  produced  in  Philippine  monkeys  is  shown 
in  Plate  7.  The  lesion  heals  as  a  rule  in  toto,  becoming  gradually 
flattened  and  dry,  leaving  a  slight  pigmentation  or  none. 

EARLY  EVANESCENT  FRAMBCESIDES  AND  PSORIASIS  PALMARIS   IN 
PHILIPPINE   MONKEYS 

At  least  three  forms  of  this  early  manifestation  of  yaws 
(evanescent  frambcesides)  have  been  noted  in  the  course  of  these 
experiments. 

The  first  form,  a  narrow  circle  of  slightly  inflammatory  lesions, 
consisting  of  a  slightly  elevated  basis  and  covered  with  dry 
scabs,  is  shown  in  Plate  8.  It  begins  as  a  typical  papule  and 
spreads  out  in  a  circular  effect  while  it  is  healing  in  the  center. 
When  it  has  reached  a  certain  dimension  it  becomes  stationary, 
dries  up,  and  disappears  rather  rapidly.  In  as  much  as  trepo- 
nemas  have  been  found  in  these  efflorescences,  it  can  be  con- 
sidered as  a  mitigated  form  of  ringworm  yaw;  but,  due  to  its 
dermatological  resemblance  to  the  frambceside  to  be  described 
next,  it  is  here  classed  in  the  group  of  frambcesides. 

The  second  form  is  a  diffuse  desquamative  superficial  fram- 
bceside.   It  occurred  first  on  the  front  part  of  the  neck,  on  the 
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inner  surfaces  of  the  extremities,  and  then  migrated  gradually 
over  the  entire  chest  and  abdomen.  It  is  illustrated  on  Plate  13. 
The  individual  efflorescences  had  a  typical  maplike,  circinated 
shape.  There  was  no  reaction  at  the  basis,  or  only  a  very 
slight  one.  By  confluence  of  the  maplike  individual  efflorescences 
there  resulted  an  effect  not  unlike  that  of  dry  seborrhoea.  No  tre- 
ponemas  could  be  found  in  this  skin  lesion,  and  its  affiliation 
with  yaws  is  based  on  the  ringworm  shape  of  the  lesion  and 
on  the  prompt  healing,  on  neosalvarsan  therapy,  and  by  elimi- 
nation. No  such  skin  affection  was  noticed  on  examination  of 
more  than  two  hundred  normal  Philippine  monkeys,  either  newly 
secured  or  kept  in  captivity  for  a  long  time. 

The  third  form  of  early  evanescent  frambcesides  observed  in 
Philippine  monkeys  was  psoriasis  palmaris  and  psoriasis  plan- 
taris.  The  first  of  these  is  shown  in  Plate  10  and  is  not  quite 
typical  as  it  is  on  the  border  line  of  the  framboeside  mentioned 
as  first  in  these  enumerations  and  contained  treponemas.  The 
unusual  feature  is  the  grouping  of  the  lesions  into  a  circinated 
design.  The  tendency  to  symmetric  distribution  was  marked  but 
fell  short,  in  as  much  as  the  corresponding  lesion  on  the  opposite 
arm  appeared  on  the  wrist  instead  of  on  the  palm.  Because  of 
its  peculiar  grouping,  it  is  not  an  exact  duplication  of  psoriasis 
palmaris  as  this  condition  is  commonly  found  in  man,  but  re- 
sembles it  more  than  any  other  palmar  lesion  known  to  me, 
particularly  when  the  individual  efflorescences  are  considered 
rather  than  the  entire  lesion.  The  psoriasis  plantaris  shown  in 
Plate  12  is  typical.  No  treponemas  could  be  found  in  this  lesion. 
The  initial  lesion  was  noticed  to  be  a  flat,  elevated  macule  of  dark 
color,  which  gradually  spread  in  the  periphery  until  it  reached 
about  0.25  centimeter  in  diameter.  The  central  portion  of  the 
epidermis,  which  up  to  that  time  had  remained  intact,  began 
to  dry  and  exfoliate.  The  exfoliation  was  very  superficial  and 
circular,  outlined  by  a  paper-white  rim.  The  basis  of  the  ex- 
foliated center  was  dry,  did  not  ooze,  and  showed  no  scab  for- 
mation. The  exfoliation  proceeded  faster  than  the  spreading  of 
the  elevated  macule  and,  after  reaching  a  certain  size,  the  lesion 
regressed  and  disappeared  while  new  lesions  made  their  appear- 
ance. The  successive  lesions  migrated  over  the  entire  sole  of  the 
foot,  including  the  pads  of  the  toes.  A  definite  symmetric  dis- 
tribution on  the  soles  of  the  feet  was  noticeable. 

The  affiliation  of  this  type  of  lesion  with  yaws  is  based,  first, 
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on  its  great  resemblance  to  psoriasis  palmaris  framboesica  in 
man  and,  second,  on  the  prompt  healing  due  to  specific  treatment. 

The  typical  course  of  human  yaws  one  is  accustomed  to  read 
about  in  textbooks  can  be  best  seen  in  Philippine  monkeys  from 
the  record  of  monkey  P-8.  Following  superinfection  this  mon- 
key developed  typical,  generalized,  metastatic  yaws  on  the  wrist, 
elbows,  in  the  gluteal  region,  and  on  the  legs.  The  lesions  went 
through  the  usual  course  of  the  metastatic  yaw  and  in  time 
disappeared,  leaving  a  dark  pigmentation.  Shortly  after  the 
general  eruption  occurred  and  while  this  was  still  present,  there 
appeared  lesions  in  various  parts  of  the  body  in  crops  of  rather 
protean  character.  During  the  entire  course  of  the  general  in- 
fection a  diffuse  alopecia  developed  in  the  parietal  regions,  which 
gradually  became  more  extensive  and  involved  other  parts  of  the 
body,  particularly  the  tail.  The  generalized  lesions  encountered 
on  the  elbows  were  not  unlike  psoriasis,  except  that  the  silvery 
scales  characteristic  of  psoriasis  were  absent  and  slight  oozing 
rather  than  bleeding  occurred  on  removal  of  the  scales.  When 
the  general  metastatic  typical  yaws  started  to  regress  and  while 
still  present  there  appeared  circular,  ringwormlike,  dry  efflores- 
censes  with  a  distinctly  inflammatory  basis  in  the  plicae  cubiti. 
These  symmetric  lesions  disappeared  without  a  trace  and  a  crop 
of  isolated,  circinated,  superficial  efflorescences  with  branny 
desquamation  followed.  These  efflorescences  gradually  became 
confluent,  simulating  dry  seborrhoea.  While  this  eruption  was 
still  present  there  appeared  on  the  tail  a  crop  of  flat,  elevated, 
papular  efflorescences,  partly  desquamating  on  the  periphery 
(ichthyosis).  The  general  condition  of  the  animal  with  gen- 
eralized yaws  became  worse,  until  extreme  marasmus  set  in. 
Keratoderma  plantare  of  slighter  degree  than  as  illustrated  in 
Plate  24,  fig.  2,  developed  toward  the  end  but  did  not  reach 
the  exfoliative  stage.  Specific  therapy  brought  about  prompt 
disappearance  of  the  lesions,  but  the  animal  died.  The  general 
characteristic  of  the  successive  crops  of  yaws  eruptions  in  mon- 
keys is  that  the  succeeding  crops  are  more  superficial  than  the 
preceding  ones. 

Aside  from  the  typical  mother  yaw,  and  the  typical  metastatic 
and  the  ringworm  yaws,  the  skin  lesions  just  described  must  be 
considered  as  framboesides.  In  some  of  them  the  presence  of 
treponemas  was  demonstrated  by  the  dark  field,  in  others  they 
could  not  be  found.     This  brief  summary  of  the  generalized  yaws 
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in  Philippine  monkeys  presents  the  entire  picture  of  so-called 
"primary,"  "secondary,"  and  late  yaws  well  known  in  man.  The 
ulcerative  lesions  met  with  in  late  yaws  in  man  did  not  develop  on 
one  and  the  same  monkey,  but  they  developed  in  other  monkeys 
that  had  not  gone  through  a  generalized  eruption  of  typical 
metastatic  yaws.  Generalized  yaws  lesions  were  claimed  to  have 
been  produced  before  on  the  abdominal  skin  of  an  orang-utan 
by  Neisser  et  al.(i3)  Ashburn  and  Craig(i)  noticed  similar  ex- 
tensive yaws  lesions  in  a  Philippine  monkey.  Having  compared 
the  photographs  of  Neisser  et  al.  (13)  with  the  lesions  we  produced 
and  which  we  consider  as  generalized,  we  agree  with  Ashburn 
and  Craig (l)  who  say: 

The  new  lesions  were  easily  demonstrated  to  be  extensions,  in  direct 
continuity  with  preexisting  ones  and  sound  skin  was  never  found  separating 
these  lesions  while  in  the  active  stage.  Their  progress  answered  perfectly 
to  the  so-called  secondary  lesions  described  by  Neisser,  Baermann,  and 
Halberst&dter,  but  as  we  have  stated,  we  can  not  regard  them  as  an  evi- 
dence of  a  general  infection  and  therefore  as  "secondary"  in  the  sense  in 
which  the  term  is  used  in  connection  with  syphilis. 

Ashburn  and  Craig (l)  further  state  emphatically: 

*  *  *  we  believe  we  are  justified  in  asserting  that  in  the  species  of 
monkey  used  [Cynomolgus  philippinensis}  a  general  eruption  of  yaws  does 
not  occur  after  experimental  inoculation. 

These  authors  evidently  do  not  believe  that  either  their  case 
in  a  Philippine  monkey  or  that  of  Neisser  et  al.(i3)  in  an  orang- 
utan was  true  general  yaws.  They,  furthermore,  express  their 
opinion  very  reservedly  with  regard  to  the  experiment  of  Cas- 
tellani(3)  for  they  say: 

Castellani  appears  to  have  secured  true  secondary  lesions  situated  at  a 
distance  from  the  original  papule  in  his  one  successful  inoculation  and 
in  this  case  a  general  injection  might  be  supposed  to  exist.4 

These  lesions  appeared  in  the  face  at  a  short  distance  from 
the  original  initial  local  yaw.  A  photograph  not  being  available 
I  am  not  in  a  position  to  pass  definite  judgment  on  the  lesions 
produced  by  Castellani; (3)  but,  from  the  description  quoted  by 
Ashburn  and  Craig,  (i)  I  believe  that  they  were  local  lympho- 
genic metastatic  lesions  rather  than  the  so-called  "local  recidives" 
and,  therefore,  similar  to  my  case  (Plate  5,  fig.  2). 

The  question  whether  or  not  yaws  in  Philippine  monkeys 
can  be  induced  to  run  the  same  clinical  course  as  it  does  in  man 
finds  its  answer  in  this  section.    All  previous  experimenters 

4  Italics  mine. — 0.  S. 
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agree  that  the  primary  efflorescence,  or  the  mother  yaw,  is  so 
typical  that  it  can  be  recognized  in  monkeys  as  such.  Ashburn 
and  Craig (1)  state: 

All  *  *  *  monkeys  developed  yaws  lesions  of  sufficiently  characteris- 
tic appearance  to  permit  of  diagnosis  based  on  that  feature  alone,  [p. 
451.]  The  lesions  [primary]  in  monkeys  do  not  differ  essentially  in  their 
morphology  from  those  occurring  in  the  disease  in  man,  *  *  *.  [p. 
457.]  We  believe  from  their  [primary  lesions]  appearance  alone  a  clinical 
diagnosis  could  be  made  even  in  the  mildest  case  of  infection  we  have 
observed,  while  in  the  more  severe  infections  *  *  *  the  nature  of  the 
lesion  was  apparent  at  a  glance,     [p.  460.] 

As  to  the  course  of  the  primary  lesion  in  Philippine  monkeys, 
Ashburn  and  Craig (1)  state:  "After  persisting  for  varying  pe- 
riods of  time  the  lesions  of  frambcesia  heal  in  the  same  manner 
as  those  occurring  in  man."  The  similarity  in  development, 
course,  and  healing  of  the  experimental  initial  yaw  in  monkeys  to 
those  in  man  is  generally  recognized.  Unfortunately,  previous 
experimenters  did  not  succeed  in  producing  any  further  lesions  of 
yaws  in  animals.  Anyone  who  has  seen  the  development  and 
course  of  generalized  yaws  in  monkeys  will  be  impressed  by  the 
fact  that  the  typical  metastatic  yaw,  in  monkey  as  in  man  (Plate 
9,  fig.  1),  is  far  more  characteristic  than  the  initial  local  yaw, 
and  no  one  who  has  seen  the  multiple,  typical,  metastatic  yaws 
in  man  will  hesitate  to  recognize  them  in  animals.  There  is  no 
doubt  that  it  was  the  appearance  of  the  metastatic  yaw,  not 
that  of  the  mother  yaw,  that  suggested  the  name  frambcesia 
(raspberry). 

The  lesions,  just  discussed,  in  the  superinfected  monkeys  and 
in  the  single-inoculated  monkey  (see  below)  are  considered  me- 
tastatic and  not  accidental  autoinoculations,  for  the  following 
reasons : 

1.  They  were  never  noticed  in  animals  infected  for  the  first 
time  and  in  which  the  infection  ran  the  usual  course  of  the 
local  experimental  yaw. 

2.  They  were  found  exclusively  in  animals  that  developed 
an  unusual  extensive  and  intensive  local  lesion  at  the  place 
of  superinfection,  or  that  showed  an  unusually  extensive  and  in- 
tensive exacerbation  (Plate  3  and  Plate  5,  fig.  1). 

3.  They  did  not  resemble  the  initial  local  yaw  but  did  re- 
semble metastatic  generalized  yaws  in  man,  and  they  occurred 
in  successive  crops. 

4.  They  were  symmetric,  and  were  located  topographically 
in  parts  of  the  animal's  body  where  all  attempts  at  artificial 
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inoculation  persistently  failed  and,  strangely  enough,  seldom  if 
ever  occurred  in  places  where  local  yaws  lesions  could  be  pro- 
duced with  ease. 

TOPOGRAPHY  OP  GENERALIZED  YAWS 

Definite  regularity  was  noticed  in  the  distribution  of  the  me- 
tastatic lesions  in  animals  used  in  these  experiments.  The  early 
generalized  lesions  (that  is,  the  typical  metastatic  yaws  and 
the  metastatic  ringworm  forms),  both  skin  lesions  in  which 
treponemas  were  readily  demonstrable,  were,  briefly  speaking, 
juxta  articular.  The  dorsal  surface  of  the  wrists,  elbows,  pli- 
cae cubiti,  ankles,  knees,  and  trochanters  were  the  places  of 
predilection.  The  lesions  were  symmetric  though  not  always 
located  on  identically  corresponding  places. 

The  early  evanescent  circinated  frambcesides  migrated  in  suc- 
cessive crops  over  the  front  part  of  the  neck,  the  chest,  the 
abdomen,  and  the  inner  surfaces  of  the  extremities. 

SPONTANEOUS  GENERALIZATION  OF  YAWS  IN  A  PHILIPPINE  MONKEY  FOLLOWING 
A   SINGLE   INOCULATION    WITH   TREPONEMA  PERTENUE 

In  the  later  part  of  this  experimental  work6  I  had  the 
opportunity  to  observe  a  spontaneous  generalization  of  yaws 
infection  in  a  monkey  following  a  single  inoculation.  This 
singular  case  seems  to  warrant  more-detailed  description.  The 
sequence  of  the  lesions  and  the  course  and  develop  rent  of  the 
spontaneous  general  infection  proved  the  correctness  of  the  plan 
conceived  with  the  view  to  produce  general  clinical  manifesta- 
tions of  yaws  in  animals  by  repeated  superinfection.  It  also 
explains  the  success  attending  these  experiments,  in  as  much  as 
the  course  of  the  natural  general  infection  was  a  duplication  of 
that  which  I  observed  in  other  animals  as  a  consequence  of  su- 
perinfection. The  objection  therefore  that,  under  such  artificial 
experimental  conditions,  the  general  infection  in  yaws  monkeys 
may  assume  a  course  unnatural  with  these  animals  lacks  all 
grounds. 

A  rather  strong  male  Philippine  monkey  was  inoculated  on 
December  11,  1925,  with  material  containing  numerous  trepone- 
mas. The  material  was  obtained  from  a  metastatic  typical  yaw 
in  a  monkey  that  had  been  superinfected.  After  the  incubation 
period  a  distinct  oozing  lesion  on  the  right  inner  eyebrow  and 

•The  experiments  were  commenced  on  August  12,  1924. 
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a  slight  swelling  on  the  left  eyebrow,  as  well  as  a  distinct 
flat  papule  measuring  0.5  centimeter  by  0.25  centimeter,  covered 
with  moist  scab,  developed  on  the  scrotum  by  January  4,  1926. 
These  three  points  (that  is,  both  eyebrows  and  the  scrotum) 
were  the  places  where  inoculation  was  performed.  The  yaws 
ran  the  usual  course  and  nothing  out  of  the  ordinary  was  noticed 
until  February  3,  1926,  when  an  extensive  local  exacerbation 
was  noticed  on  the  eyebrows,  the  nose,  and  the  scrotum  (see 
Plate  3).  The  spreading  original  lesion  on  the  eyebrows  had 
reached  the  nostril,  as  is  evident  from  Plate  4.  On  March  31, 
1926,  the  lesion  shown  in  Plate  5,  fig.  2,  was  first  observed. 
It  was  a  yaw  separated  from  the  original  mother  yaw  by  healthy 
skin,  but  located  in  the  same  part  of  the  animal's  body  as  the 
mother  yaw  with  the  excessive  local  exacerbation.  In  a  pre- 
vious section  it  was  mentioned  that  this  lesion  was  interpreted 
as  a  lymphogenic  or  local  metastasis. 

On  account  of  the  extensive  local  exacerbation  which  developed 
on  the  eyebrows  and  the  scrotum,  and  due  to  the  appearance 
of  the  local  metastases,  the  monkey  was  purposely  not  super- 
infected  and  the  infection  was  allowed  to  run  its  natural  course, 
in  the  hope  that  a  spontaneous  generalized  manifestation  of 
yaws  might  take  place.  This  hope  was  realized  when,  on  April 
27,  1926,  metastatic  lesions  were  observed  on  the  elbows,  the 
dorsal  part  of  the  wrist  of  the  right  hand,  and  the  palm  of  the 
left  hand  (Plate  10) .  It  will  be  noticed  that  the  original  mother 
yaw,  as  a  result  of  the  artificial  inoculation  of  the  monkey, 
lasted  from  January  4  to  April  27,  1926 ;  that  is,  approximately 
three  months  and  three  weeks  elapsed  before  the  real  general 
manifestations  appeared.  The  local  lesion  noticed  at  the  time 
of  the  general  eruption,  however,  was  the  exacerbation  and  not 
the  original  lesion  which  had  regressed  and  spread  by  that  time 
as  a  thin  line  of  dry  scabs  beyond  the  area  covered  by  the 
recidive.  This  fact  confirms  the  correctness  of  the  idea  that  led 
me  to  adopt  the  plan  of  repeated  superinfection  in  monkeys; 
that  is,  if  the  local  yaw  were  to  last  long  enough  or  could  be 
artificially  maintained  long  enough,  a  certain  percentage  of  the 
experimental  animals  should  develop  one  or  the  other  manifes- 
tation of  generalized  yaws.  The  extensive  local  exacerbation  in 
this  case  took  the  place  of  the  artificial  superinfections  by  means 
of  which  in  other  animals  generalized  manifestations  were  pro- 
duced. 

In  as  much  as  the  lesions  on  the  eyebrows  and  nose  had 
reached  the  margin  of  the  nostrils  and  all  the  lesions  contained 
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fairly  numerous  treponemas,  no  superinfection  was  made  after 
the  appearance  of  generalized  yaws,  so  that  it  might  be  learned 
whether  or  not  the  lesion  on  the  nose  would  spontaneously  last 
until  the  allergic  state  had  been  reached,  which  is  responsible 
for  the  formation  of  deep  ulcerative  lesions;  in  other  words, 
whether  or  not  spontaneous  gangosa  would  develop  in  this 
animal.  However,  my  previous  experience  with  superinfection 
in  monkeys  that  had  gone  through  generalized  yaws  led  me  to 
expect  that  the  immunity  would  rise  rather  rapidly  and  that 
the  manifestations  of  general  yaws  would  disappear  without 
having  become  ulcerative  lesions. 

During  the  regular  inspection  of  inoculated  monkeys  a  new 
crop  of  lesions  in  the  animal  under  discussion  was  noticed  on 
the  lower  extremities  on  June  5.  On  the  plantae  the  lesions 
were  macular,  consisting  of  irregularly  outlined  macules,  wrhich 
were  slightly  elevated,  darker  in  color,  and  about  0.5  centimeter 
in  diameter.  They  were  located  mostly  on  the  soft  skin  of  the 
instep,  on  the  sole  of  the  foot,  and  on  the  terminal  pads  of  the 
toes.  They  were  symmetric  to  the  extent  that  the  corresponding 
toes  on  both  feet  were  similarly  affected,  as  were  also  the  soles 
of  both  feet.  There  was  noticeable  a  very  superficial  exfoliation. 
The  exfoliated  part  showed  no  crust  forming  and  no  oozing. 
There  was  no  thickening  of  the  skin,  and  the  lesions  started  to 
regress  within  a  few  days  and  new  ones  appeared  (see  Plate  12) . 
Along  the  lower  part  of  the  calf  in  the  vicinity  of  the  ankle 
lesions  were  noticed  of  circinated  papular  efflorescences  with  a 
red  basis  and  topped  by  silvery  scales,  not  unlike  those  in  lichen 
planus.  The  lesion  on  the  left  hind  extremity  was  circular  and 
measured  1  centimeter  in  length,  and  lower  down  were  two 
papules  of  the  same  character.  The  main  lesion  was  horse- 
shoelike in  shape,  and  within  the  space  half  surrounded  by  the 
lesion  were  minute  papules  with  a  red  base  and  silvery  scales 
(Plate  8).  On  the  right  lower  extremity  in  a  corresponding 
place  four  small  papules  were  noticed  at  this  time,  distinct 
but  grouped  in  a  semicircle.  They  were  of  the  same  character 
as  the  lesion  on  the  left  hind  extremity  already  described.  A 
circinated  scaling  occurred  symmetrically  on  both  forearms  on 
the  extensor  side,  consisting  of  distinct,  small  papules,  covered 
with  silvery  scales.  On  the  left  wrist,  on  the  radius  side  right 
over  the  joint  of  the  thumb,  was  a  typical  yaw  covered  with 
dry  crust,  measuring  1  centimeter  in  diameter.  The  surround- 
ing basis  was  elevated,  reddish,  and  the  crust  was  solid  and 
dry,  rather  tenacious,  but  crumbling  when  forcibly  removed, 
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and  leaving  a  slightly  bleeding  and  oozing  base.  From  that 
time  on  the  lesions,  both  metastatic  and  local,  began  to  regress. 
On  June  17  the  lesions  on  the  face  and  on  the  scrotum  still 
contained  very  numerous  active  treponemas.  The  lesions  on  the 
soles  of  the  feet  had  regressed  considerably  by  that  time,  but 
some  superficial  desquamation  was  still  present.  The  yaws  over 
the  wrist  had  spread  out  in  a  circinated  effect,  and  the  one  on 
the  leg  had  practically  disappeared.  By  July  12  the  face  had 
practically  healed.  There  was  a  remnant  of  dry  crumbling  scabs 
on  the  tip  of  the  nose  and  in  the  nostrils. 

On  July  24  a  remnant  of  dry  scales  was  visible  on  the  nose. 
The  entire  area  previously  affected  by  exacerbated  yaw  showed 
pigmented  and  depigmented  spots.  The  nostrils  were  perfectly 
clear.  On  the  scrotum  there  were  still  a  few  small  lesions,  some 
of  them  covered  with  scab.  The  entire  scrotum  was  darkly 
pigmented.  There  was  a  very  slight  desquamation  on  the  left 
wrist  and  on  the  left  palm,  also  on  the  plantse  pedis.  The  rest 
of  the  metastatic  lesions  had  disappeared,  leaving  no  trace. 

On  July  30  a  few  remnants  of  lesion  on  the  scrotum  were 
noticed.  The  lesion  on  the  left  wrist  still  persisted  as  did  also 
the  slight  desquamation  on  the  plantee.  The  face  was  healed,  not 
only  the  original  lesion,  but  also  the  lesion  on  the  left  jaw. 

On  August  6  the  lesion  on  the  scrotum  was  found  to  be  in 
the  same  condition  as  before.  On  the  hands  the  lesions  had 
practically  disappeared  except  on  the  palm  of  the  left  hand 
where  some  scaling  was  present.  The  nostrils  were  clear. 
Dark-field  examination  showed  fairly  numerous  treponemas  in 
the  lesion  on  the  scrotum. 

On  August  11  small  scabs  still  persisted  on  the  nose,  and 
there  were  slight  alopecia  over  the  eyebrows  and  a  few  scabs 
drying  up  on  the  scrotum.  Of  the  generalized  eruption  very 
slight  scaling  remained  on  the  left  palm  and  on  the  left  wrist, 
accompanied  by  alopecia  on  the  elbows.  The  areas  of  healed 
generalized  eruption  were  evident  by  pigmentation.  There  was 
some  scaling  on  the  soles  of  the  feet.  Treponemas  were  found  in 
the  lesion  on  the  scrotum. 

On  August  18  a  very  few  small  lesions  were  found  on  the 
pigmented  scrotum.  The  face  had  completely  healed.  Fairly 
numerous  treponemas  were  found  in  the  lesion  on  the  scrotum. 

On  August  30  there  was  nothing  but  pigmentation  on  the  face. 
There  were  also  pigmentation  and  scars  on  the  scrotum.  The 
arms,  the  hands,  and  the  tail  showed  no  signs  of  yaws. 
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INCUBATION    PERIOD    AND   DURATION    OF   GENERALIZED    FRAMBCESIC   PROCESS    IN 

PHILIPPINE  MONKEYS 

It  has  been  mentioned  that  the  average  incubation  period  of  a 
local  yaw  from  the  time  of  inoculation  to  the  appearance  of  the 
lesion  recognizable  clinically  as  yaw  was,  on  the  average,  twenty- 
six  days.  Compared  with  the  incubation  period  of  local  yaw 
in  artificially  inoculated  volunteers,  (30)  it  can  be  seen  that  this 
agrees  with  the  incubation  period  in  man,  which  was  found  to 
be  three  and  one-half  to  four  weeks  upon  first  inoculation  and 
three  and  one-half  to  six  weeks  upon  second  inoculation  of  the 
same  volunteers.  If  the  incubation  period  of  the  generalized 
yaws  in  our  experiments  performed  on  humans  is  compared 
with  that  in  experiments  on  Philippine  monkeys  it  will  be 
found  that  the  interval  between  the  first  inoculation  and  the 
appearance  of  generalized  yaws  in  man  was  between  ten  and 
fifteen  and  one-half  weeks.  In  the  rronkey  that  developed  spon- 
taneous generalization  after  a  single  inoculation  the  incubation 
period  of  the  generalized  yaws  was  three  months,  or  twelve 
weeks.  It  can  be  seen,  therefore,  that  the  incubation  period  of 
both  the  local  and  the  generalized  yaws  agree  very  well  with 
the  period  found  experimentally  to  exist  in  humans.  In  the  rest 
of  the  monkeys  that  showed  generalization  upon  superinfection 
the  findings  were  as  follows :  The  incubation  period  of  the  gen- 
eralized yaws  from  the  first  appearance  of  the  local  yaw  due  to 
the  first  inoculation  up  to  the  appearance  of  generalized  yaws 
was  on  the  average  eleven  weeks,  four  weeks  having  been  the 
shortest  and  twelve  weeks  the  longest  incubation  period  found. 
However,  if  the  incubation  period  is  calculated  from  the  time 
that  extensive  local  lesions  occurred  as  a  result  of  superinfection, 
it  will  be  found  that  this  incubation  period  was  on  the  average 
three  and  eighty-five  hundredths  weeks,  two  weeks  having  been 
the  shortest  and  seven  weeks  the  longest  period.  Up  to  this 
stage  the  course  of  generalized  yaws  agrees  very  well  with  the 
incubation  period  observed  in  human  volunteers.  The  dura- 
tion, however,  of  the  generalized  process  (that  is,  the  period  of 
time  from  the  first  occurrence  of  the  generalized  manifestation 
until  complete  disappearance  of  the  last  lesions)  differs  from 
that  in  humans.  The  average  duration  in  monkeys  is  only  three 
months,  or  twelve  weeks.  In  other  words,  the  duration  of  the 
generalized  yaws  in  monkeys  is  apparently  much  shorter  than 
the  average  duration  of  the  generalized  yaws  in  man.  It 
averages  in  monkeys  about  as  many  months  as  it  does  years  in 
humans. 
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MORPHOLOGIC  AND  CHRONOLOGIC  RESEMBLANCE  BETWEEN  THE  DEVELOPMENT, 
COURSE,  AND  HEALING  OF  THE  MOTHER  YAW  AND  THE  METASTATIC  PROC- 
ESS OF  GENERALIZED  YAWS,  INCLUDING  THE  FRAMBCESIDES,  AS  OBSERVED 
IN  THE  COURSE  OF  EXPERIMENTAL  YAWS   IN   PHILIPPINE  MONKEYS 

With  the  picture  of  the  stages  in  development,  course,  and 
healing  of  the  initial  local  yaw  fixed  in  mind  the  interpretation 
of  the  polymorphous  generalized  lesions  is  not  so  difficult  as 
one  would  believe  at  first  when  confronted  with  these  lesions, 
some  of  them  changing  so  constantly  that  they  well  deserve  the 
epithet  "protean."  The  framboesides  and  the  typical  polypa- 
pillomatous  manifestation,  as  is  the  case  with  the  initial  local 
yaw,  commence  with  a  more  or  less  pronounced  papule  (first 
stage  of  the  mother  yaw).  The  typical  metastatic  generalized 
yaw  develops,  further,  into  a  vigorous  healthy  yaw  (second 
stage  of  the  mother  yaw),  without  going  into  the  third  stage 
of  the  course  of  the  initial  local  yaw;  it  usually  stops  there, 
flattens,  and  heals  in  toto,  leaving  a  pigmented  trace  within 
the  entire  area  affected.  Sometimes,  however,  it  becomes  sta- 
tionary and  sends  off  a  narrow  line  of  dry  f rambcesidelike  lesions. 

The  ringworm  yaw  follows  the  same  stage  of  development 
as  a  typical  local  yaw,  but  it  starts  as  multiple  papules  arranged 
in  a  semicircle.  This  arrangement  of  the  initial  papules  is  re- 
sponsible for  the  horseshoe  shape  of  ringworm  yaw,  which  ar- 
rangement is  maintained  more  or  less  throughout  the  entire 
course  of  the  lesion. 

The  ringwormlike  frambceside  commences  as  a  papule  and 
develops  into  a  small,  flat,  rather  dry,  mitigated  yaw  which 
spreads  on  the  periphery  presenting,  first,  a  seamlike,  circinated 
design.  However,  the  central  healing  progresses  as  fast  as 
does  the  peripheral  spreading  and  the  result  is  as  shown  in 
Plate  8.     After  it  has  reached  this  stage  the  lesion  disappears. 

The  ringwormlike  framboesides  follow,  therefore,  the  first 
stage  (papule),  a  mitigated  second  stage  of  the  local  yaw,  and 
the  ringwormlike  third  stage  of  the  initial  local  yaw. 

The  early  evanescent,  desquamative,  migratory  framboesides 
(Plate  13)  start  as  hardly  perceptible  papules  (first  stage  of 
the  initial  local  yaw)  and,  omitting  the  typical  yaw  and  the 
ringwormlike  stage  of  the  local  yaw,  change  immediately  into 
the  vanishing  lesion  of  the  mother  yaw.  They  appear  as  the 
last  number  in  the  repertory  of  general  early  framboesides,  and 
because  of  the  pronounced  exfoliation  they  constitute  morpho- 
logically a  transitional  stage  to  the  ichthyotic,  exfoliative,  per- 
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sistent  late  framboesides  (compare  the  fifth  and  the  sixth  stage 
of  the  mother  yaw)  of  which  the  keratoderma  plantar e  fram* 
bcesicum  is  a  local  exaggeration. 

The  individual  stages  in  the  development,  course,  and  healing 
of  the  local  yaw,  as  manifested  by  the  morphologic  changes 
of  the  clinical  lesions,  are  reflected  in  the  various  forms  of 
generalized  yaws  manifestation.  It  is  true  that  certain  gener- 
alized yaws  lesions  designated  as  late  manifestations  may  occur 
much  earlier  in  one  case  than  in  another,  but  in  a  single  given 
case  the  tendency  of  the  manifold  framboesic  lesion  is  to  occur 
in  a  certain  sequence  which  follows  in  a  general  way  the  se- 
quence of  the  changes  in  the  course  of  the  local  yaw;  that  is, 
the  general  manifestation  begins  with  the  eruption  of  typical 
or  ringworm  yaws.  Then  follow  the  ringworm  frambceside, 
the  maculo-papulous  plantar  or  palmar  frambceside,  the  super- 
ficial desquamative  frambceside,  the  ichthyotic  desquamative  le- 
sion, and  the  hyperkeratotic  manifestation.  As  in  the  local  yaw, 
in  the  metastatic  manifestation  the  early  eruptions  are  of  short 
duration  and  either  occur  in  crops  or  migrate  over  the  skin, 
while  the  desquamative  and  hypertrophic  manifestations  are 
more  persistent. 

LATE   YAWS   MANIFESTATIONS    IN    PHILIPPINE    MONKEYS 
ULCERATIVE    FORM    OF    THE    SKIN    LESIONS 

The  ulcerative  form  of  lesions  was  observed  in  a  limited 
number  of  superinfected  animals.  They  had  had  local  yaws 
lesions  for  a  considerable  length  of  time  previous  to  the  superin- 
fection. An  illustration  of  this  type  of  lesion,  as  it  developed 
at  the  place  of  superinfection  on  the  left  ala  nasi,  is  given  in 
Plate  17,  fig.  1,  and  on  the  eyebrow  in  Plate  22,  fig.  1.  These 
lesions  represent  sharply  outlined,  rather  deep  defects.  They 
spread  slowly,  affecting  the  entire  thickness  of  the  skin.  In 
contrast  to  early  lesions,  they  showed  no  tendency  to  central 
healing,  but  ultimately  healed  from  the  periphery  by  scar  for- 
mation. The  oozing  so  characteristic  of  early  lesions  is  not  so 
well  pronounced  and  the  crust  is  dark,  flat,  and  dry. 

GANGOSA 

Gangosa,  so-called,  is  a  condition  that  appears  to  be  peculiar 
to  the  inhabitants  of  tropical  countries ;  its  relation  to  yaws  was 
early  recognized  by  a  number  of  observers.  (24)  That  view  as  to 
the  etiology  of  the  condition  has  not,  however,  met  with  unani- 
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mous  support  in  the  more-recent  literature.  It  has  been  asserted 
that,  in  cases  of  gangosa,  syphilitic  and  other  systemic  infec- 
tions have  not  been  excluded.  Others  who  have  studied  the 
problem  have  reached  the  conclusion  that  gangosa  is  a  disease 
sui  generis. 

Manson-Bahr(l6)  gives  the  following  definition  of  gangosa: 

Gangosa  or  destructive  ulcerous  rhinopharyngitis,  which  has  been  re- 
garded by  some  as  a  sequel  of  yaws,  generally  commences  as  an  ulcer 
on  the  soft  palate.  Slowly  spreading  it  may  make  a  clean  sweep  of  the 
hard  palate,  the  soft  parts,  cartilages  and  bones  of  the  nose,  sparing 
the  upper  lip,  which  is  left  as  a  bridge  across  a  great  chasm,  the  floor 
of  which  is  formed  by  the  intact  tongue. 

As  to  the  etiology  Manson-Bahr(l6)  states: 

The  lesion  has  been  attributed  to  leprosy,  tuberculosis,  syphilis,  and 
yaws.  There  is  no  satisfactory  evidence  that  it  is  due  to  any  of  these 
diseases. 

Farther  on  he  states: 

The  cases  the  Editor  has  personally  observed  were  associated  with  ter- 
tiary yaws-scars  on  the  other  parts  of  the  body.  It  has  been  suggested  by 
Leys  that  gangosa  is  a  disease  sui  generis;  there  is  no  conclusive  evidence 
for  this  at  present.  On  the  other  hand,  it  is  not  a  form  of  buccal 
leishmaniosis. 

Musgrave  and  Marshall  (19)  express  their  opinion  with  regard 
to  gangosa  thus : 

*  *  *  we  will  merely  state  that  we  have  never  seen  any  lesions  of 
yaws  which  presented  the  faintest  resemblance  to  gangosa,  although  the 
typical  framboesial  skin  lesions  are  not  uncommon  in  this  region  [Philip- 
pines],    [p.  398.] 

These  authors  state: 

Mink  and  McLean,  *  *  *  Leys  *  *  *  satisfied  themselves  that 
there  is  no  causal  connection  between  syphilis  and  gangosa.  Mink  and 
McLean  also  convinced  themselves  that  the  disease  is  independent  of  yaws. 
Fordyce  and  Arnold  excluded  syphilis  from  the  diagnosis  of  their  case, 
[p.  399.] 

Musgrave  and  Marshall  (19)  also  think  that — 

*  *  *  the  weight  of  evidence  is  in  favor  of  the  view  that  gangosa 
is  a  disease  independent  of  syphilis,  but  we  do  not  regard  this  as  a  def- 
initely established  fact.     [p.  399.] 

It  will  require  careful  observations  on  several  cases  *  *  *  to  jus- 
tify a  positive  expression  of  opinion  as  to  the  part  played  by  syphilis  or 
yaws  in  the  gangotic  process,     [p.  400.] 
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Castellani  and  Chalmers (5)  state:  "It  is  quite  possible  that 
gangosa  is  really  a  tertiary  manifestation  of  yaws  affecting  the 
palate  and  nose." 

Plehn  and  Mense(6)  see  only  two  etiologic  possibilities  of 
gangosa — syphilis  or  yaws.  The  latter  seems  to  them  more  like- 
ly than  the  former.  As  late  as  1926,  according  to  H.  S.  Stan- 
nus,(3i)  "the  etiology  of  this  condition  remains  unsettled." 

I  have  had  the  good  fortune  to  produce  and  observe  the  de- 
velopment of  gangosa  in  Philippine  monkeys,  animals  known 
to  be  free  in  their  natural  state  from  yaws  or  any  other  similar 
infection,  either  hereditary  or  acquired. 

The  pathogenesis  of  one  type  of  gangosa  as  it  developed  in 
the  experimental  monkeys  was  as  follows:  The  typical  initial 
local  yaw  of  the  eyebrows  spread  down  the  nose  and  cheeks, 
finally  reached  the  nasal  mucous  membrane,  and  spread  by  con- 
tinuity directly  thereon.  At  this  stage  the  skin  lesion  healed  and 
completely  disappeared,  while  the  lesion  on  the  nasal  mucous 
membrane  persisted.  However,  the  fact  that  a  spreading  local 
yaw  lesion  has  established  itself  on  the  mucocutaneous  border 
of  the  nose  is  not  alone  sufficient  to  produce  the  mutilating 
destructive  process  of  the  soft  parts  of  the  nose  as  is  known  to 
take  place  in  gangosa.  The  allergic  state  is  necessary  for  an 
accomplishment  of  this  destruction.  I  have  repeatedly  seen  an 
initial  local  yaw,  in  monkeys  infected  for  the  first  time,  descend 
from  the  eyebrows  over  the  nose  in  a  butterfly  effect  and  enter 
the  nostrils,  where  it  lingered  for  some  time  after  the  lesion  in 
the  skin  of  the  face  had  healed.  Ultimately,  however,  it  healed 
also  without  producing  any  destruction  of  the  nasal  structures, 
leaving,  at  the  worst,  only  a  superficial  skin  scar  that  extended 
to  the  mucocutaneous  border.  The  slight  cicatrization  resulting 
from  a  termination  of  the  local  yaw  in  a  condition  of  the  body 
organism  unfavorable  to  the  development  of  a  mutilating  process 
reminds  one  of  the  scars  on  the  upper  and  lower  lips  found  in 
healed  yaws  patients.  Such  scars,  indeed,  are  not  infrequently 
found  in  cases  of  gangosa  in  man,  and  indicate  that  yaws  have 
entered  the  mucous  membrane  of  the  nose  directly  from  the 
lips  of  the  mouth  or  from  the  skin  around  the  nostrils. 

In  the  case  of  experimental  gangosa  under  discussion,  super- 
infection was  performed  on  the  eyebrow.  In  due  time  a  rather 
deep,  sharply  outlined,  ulcerating  lesion  developed  on  the  eye- 
brows. Simultaneously,  the  residual  lesion  on  the  nasal  mu- 
cous membrane  exacerbated  and  a  mutilating  ulcerative  lesion 
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developed  on  the  inside  of  the  nasal  cavity,  affecting  the  septum 
and  spreading  backward  without  at  first  affecting  the  skin  of 
the  nose.  As  a  matter  of  fact,  the  perforation  of  the  septum 
was  accomplished  long  before  the  ulcerative  process  had  affected 
the  alse  at  all  (Plate  22,  fig.  1).  Subsequently  the  alee  also 
were  included,  but  up  to  the  end  no  involvement  by  the  later 
ulcerative  process  of  the  skin  surrounding  the  nose  was  noticed 
(Plate  23,  fig.  1).  The  anatomic  conditions  within  the  nose, 
as  they  existed  at  the  time  of  the  death  of  the  animal,  are  evident 
from  the  photograph  (Plate  25,  fig.  2). 

The  other  form  of  gangosa  is  illustrated  in  Plate  24,  fig.  1. 
In  this  case  a  deep  ulcerative  lesion  developed  at  the  point  of 
superinfection;  that  is,  on  the  left  ala  nasi  (Plate  17,  fig.  1). 
The  destruction  progressed  directly  through  the  ala  nasi  and 
spread  inwardly  as  well  as  onto  the  surrounding  skin  (see  Plate 
23,  fig.  2).  Unusually  pronounced  granulations,  filling  the  nos- 
trils, were  found  in  this  case;  so  exuberant  were  they  that  at 
times  the  breathing  of  the  animal  was  rendered  difficult.  Both 
of  these  varieties  of  gangosa  (that  is,  the  nasal  and  the  naso- 
cutaneous)  are  found  in  man,  and  there  is  no  doubt  that  their 
pathogenesis  is  the  same  as  that  given  above. 

A  papule  or  an  ulcer  on  the  soft  palate  is  designated  as  the 
primary  lesion  in  gangosa,  by  Manson-Bahr(l6)  and  by  Plehn 
and  Mense.(6)  This  seems  to  be  the  generally  accepted  view, 
for  Castellani  and  Chalmers (5)  say:  "It  appears  to  begin  some- 
times as  a  sore  throat  or  coryza,  or  as  a  tubercle  on  the  palate.,, 
This  assumption  necessarily  presupposes  a  metastatic  origin 
of  gangosa,  because  it  is  hardly  conceivable  that  an  initial  local 
yaw  would  originate  on  the  soft  palate.  How  this  conclusion 
as  to  the  original  gangotic  lesion,  expressed  in  all  handbooks 
and  textbooks  in  monotonously  uniform  language,  was  arrived  at 
was  not  clear  to  me  at  first.  I  failed  to  find  in  the  literature  any 
record  of  clinical  observation  of  the  course  of  development  of 
gangosa,  from  the  very  early  to  the  well-pronounced  stage,  or 
any  experimental  evidence  concerning  gangosa,  either  in  man  or 
in  animals,  that  would  support  such  a  contention. 

In  his  classic  description  of  this  disease  J.  Numa  Rat(24)  says 
that  gangosa  "often,  however,  avoids  the  nares  and  commences 
in  the  soft  palate.  The  ulceration  of  the  tubercle  [granuloma] 
extends  thence,  destroying  the  uvule  and  velum  palati,  and  the 
septum  nasi." 
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This  does  not  necessarily  mean  that  the  lesion  did  not  com- 
mence in  the  nose.  As  a  matter  of  fact,  our  experimental  case 
in  monkey  J-10  (Plate  22,  fig.  1)  showed  perforation  of  the 
entire  anterior  septum  at  a  time  when  nostrils  and  alae  nasi  were 
still  intact.  In  spite  of  the  findings  that  the  external  nose  and 
the  surrounding  skin  of  the  face  at  the  time  when  this  photo- 
graph was  taken  were  intact,  previous  records  and  photographs 
of  the  same  animal  (Plate  15,  fig.  1)  show  that  the  lesion 
entered  the  nose  by  extension  of  the  frambcesic  skin  lesion  onto 
the  nasal  mucous  membrane.  There  is  nothing  in  the  summary 
of  the  observations  on  gangosa  by  Numa  Rat  (24)  that  is  contrary 
to  our  conception  of  the  pathogeny  of  gangosa  as  given  above. 

Another  reference  to  the  initial  lesion  of  gangosa  is  that  of 
Leys  (14)  the  author  of  the  technical  term  rhinopharyngitis  mu- 
tilans. 

Leys  says: 

CLINICAL    SIGNS    AND    SYMPTOMS 

The  usual  history  of  a  case  of  this  disease  is  as  follows: — The  patient, 
if  seen  early,  as  few  are,  complains  of  sore  throat.  On  examination  an 
ulcer  is  seen  on  the  back  of  the  pharynx,  on  a  posterior  faucial  pillar, 
or  on  the  free  edge  of  the  palate.  It  is  superficial,  moveable,  covered 
with  a  thin,  dirty,  brownish-grey  pellicle  of  slough.  This  appears  to  be 
the  initial  lesion.  The  pellicle  breaks  down  and  leaves  an  ulcer  which 
steadily  increases,  advancing  up  the  throat  into  the  posterior  nares* 

There  is  nothing  particularly  characteristic  in  this  description 
of  the  initial  lesion  of  gangosa.  It  may  apply  to  diphtheria  just 
as  well  as  to  syphilis.  Yaws  can  be  excluded  (1)  in  "those  seen 
regularly  one  case  aged  2  and  one  aged  4  died,  and  another  9 
carefully  observed  and  treated  for  several  months,"  (2)  on  ac- 
count of  the  exclusive  location  of  the  lesion  on  the  mucous  mem- 
brane; (3)  and  the  statement  that  "none  of  the  three  cases  of 
children  of  3,  4  and  9  showed  any  evidence  of  having  had  yaws." 

It  is  difficult  to  say  definitely  from  what  affliction  these  young- 
est (therefore  earliest)  supposedly  gangosa  cases  suffered.  The 
sole  survivor  of  these  patients  "improved  steadily,"  but  neither 
the  nature  of  the  treatment  nor  that  of  the  improvement  is 
given.  In  the  absence  of  individual  clinical  records,  bacteriologic 
and  histologic  examination,  and  autopsy  findings,  it  is  safe  to 
say  that  syphilitic  "plaques  muceuse"  can  be  eliminated  on  ac- 
count of  the  youth  of  the  patients. 

6  Italics  mine. — 0.  S. 
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The  paper  of  Mink  and  McLean,  (18)  appearing  in  the  same 
year  as  that  of  Leys  (14)  and  originating  from  the  same  in- 
stitution and  from  the  same  small  island,  Guam,  throws  some 
light  on  the  question. 

Mink  and  McLean  (18)  give  the  following  early  symptoms  of 
gangosa : 

SYMPTOMS 

Onset. — Only  three  cases  have  been  observed  from  the  earliest  stages  of 
the  disease.  The  majority  of  patients  present  themselves  for  treatment 
only  after  mutilation  is  marked.  In  the  three  cases  above  mentioned  the 
initial  symptoms  led  to  a  diagnosis  of  tonsilitis,  pharyngitis  and  laryngitis 
of  mild  degree.  The  patients  were  between  the  ages  of  12  and  15  years 
and  were  in  good  physical  condition.  Prostration  was  slight  or  absent. 
All  showed  a  slight  rise  of  temperature  and  complained  of  soreness  in 
the  posterior  nares  and  pharynx,  with  stiffness  of  the  muscles  of  degluti- 
tion. In  one  case  a  typical  acute  coryza  was  present.  Inspection  at  this 
time  showed  mild  congestion  of  tonsils,  pillars,  soft  palate  and  uvula. 
During  the  first  week  the  general  condition  was  practically  unchanged. 

Local  symptoms: — The  throat  symptoms  became  localized,  and  on  the 
third  day  a  poAch  of  yellowish- gray  membrane  was  observed  on  the  soft 
palate  in  the  first  case,  the  uvula  in  the  second  and  the  right  pillar  in  the 
third  case.  The  membrane  was  elevated,  thick  and  extremely  tenacious. 
On  removal  the  denuded  surfaces  bled  freely.  Within  twenty-four  hours 
of  the  appearance  of  the  membrane  the  typical  ulceration  was  established. 
On  the  area  covered  by  the  membrane  a  number  of  small  depressions 
appeared.  The  ridges  between  the  depressions  and  the  membrane  were 
rapidly  absorbed.  The  ulcer,  now  about  one-half  inch  in  diameter,  had 
a  punched-out  appearance,  with  undermined  edges  and  a  deep,  uneven 
floor,  covered  with  a  yellowish-white  very  offensive  discharge.  It  was 
surrounded  by  a  zone  of  inflamation  about  one-fourth  inch  in  width.  The 
depth  of  the  ulcer  rapidly  increased  until,  in  the  case  of  the  uvula  and 
soft  palate,  the  tissues  were  perforated  by  the  seventh  day.  These  cases 
are  still  under  observation.7 

If  there  remained  the  slightest  doubt  in  the  mind  of  the  reader 
that  the  affliction  described  in  the  papers  of  Leys  (14)  and  of 
Mink  and  McLean  (18)  as  initial  gangosa  was  anything  but  diph- 
theria (nasopharyngeal),  a  common  form  in  the  Philippines,  it 
will  be  thoroughly  dispelled  by  the  following  paragraph  in  the 
paper  of  Mink  and  McLean: (18) 

Fulminating  Gangosa: — This  type  occurs  in  children  under  5  years  of 
age,  and  all  cases  seen  have  been  in  gangotic  families.  In  some  instances 
two  or  three  children  in  the  same  family  have  been  attacked.  The  sudden 
onset,  extreme  prostration,  extensive  membrane,  marked  cervical  adenitis 
and  rapidly  developing  toxemia  and  dyspnea  give  a  picture  closely  resem- 
bling diptheria.  Death  occurs  from  toxemia  rather  than  from  dyspnea. 
The  great  majority  of  these  cases  prove  fatal  within  forty-eight  hours,7 

7  Italics  mine. — 0.  S. 
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It  is  a  pity  that,  in  the  absence  of  laboratory  facilities  to 
eliminate  diphtheria,  antitoxin  was  not  administered.  This 
measure  would  have  decided  the  etiology  of  the  disease  and 
would  have  saved  the  history  of  medicine  the  burden  of  a  new 
term   (fulminating  gangosa). 

There  is  no  intention  on  our  part  to  deny  the  fact  that  gan- 
gosa is  prevalent  in  Guam;  it  always  was.  In  point  of  fact,  the 
Spanish  government  of  the  Philippines  saw  fit  in  1828  to  send  a 
commission  to  the  Carolines,  of  which  islands  Guam  is  one,  to 
investigate  the  question.  Two  extremes  have  been  pictured  by 
Leys(i4)  and  by  Mink  and  McLean, (18)  and  a  wide  gap  yawns 
between  them.  These  authors  have  painted  the  vivid  and  some- 
times tragic  picture  of  the  initial  stage  with  its  high  mortality ; 
then  they  transport  us  abruptly  to  their  observations  on  well- 
developed  cases  of  real  gangosa — a  disease  by  which  "at  no  time 
is  the  patient's  general  health  materially  affected. "  The  inter- 
vening events  do  not  fall  within  our  vision ;  we  have  pa-seed  over 
a  gap  that  cannot  be  bridged  by  any  reasonable  stretch  of  the 
imagination. 

It  is  realized  that  the  foregoing  may  provoke  the  charge  that 
the  criticism  of  these  two  papers  is  unnecessarily  extreme;  that 
the  simple  citation  of  references  would  have  sufficed;  and  that 
there  was  no  need  of  the  lengthy  quotations.  However,  I  have 
criticized  and  quoted  at  length  for  what  seem  to  me  good  reasons 
and  dare  to  hope  for  much  in  consequence.  During  a  period 
of  twenty  years  these  papers  have  been  quoted  as  standard 
references  and,  in  parallelism,  for  a  corresponding  period  the 
initial  lesion  of  gangosa  has  been  regarded  as  an  ulcer  or  mem- 
brane on  the  palate.  The  textbooks  and  handbooks  have  told 
us  this  with  an  offset  in  the  dogmatic  statement  that  yaws  pro- 
cesses never  occur  primarily  on  mucous  membranes.  It  is  my 
belief  that  these  publications  have  assumed  a  heavy  responsibi- 
lity for  the  regrettable  fact  that  gangosa,  during  all  these  years, 
has  not  been  granted  admission  into  the  f rambcesia  family,  where 
it  rightfully  belongs  and  where  it  was  placed  by  Numa  Rat (24) 
before  1891  and  by  other  experienced  frambcesiologists  since. 

It  is  earnestly  hoped  that  a  revision  of  the  question  of  initial 
lesion  and  pathogeny  of  gangosa  be  made.  More-recent  observa- 
tions on  patients  seem  to  give  some  indication  of  the  correct  pa- 
thogeny of  this  condition,  and  experimental  findings  on  animals 
points  only  one  way. 
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Rhinopharyngitis  mutilans,  the  name  bestowed  by  Leys(M) 
upon  this  form  of  yaws,  is,  as  its  author  admits,  a  descriptive 
term,  and  the  name  gangosa  (Ruis  de  Villalobos)  is  preferable. 
It  occurs  in  the  literature  since  1828  and  no  doubt  has  the 
priority  right.  It  is  a  local  Spanish  name  that  does  not  mean 
muffled  voice  as  noticed  in  sore  throat,  diphtheria,  or  quinsy, 
but  is  like  the  Tagalog  name  ngon-ngon,  imitative  of  the  speech 
of  a  person  with  a  perforated  palate.  By  remembering  the  name 
gangosa,  the  student  of  tropical  medicine  will  be  reminded  that 
what  is  meant  by  that  name  is  not  rhinopharyngitis  mutilans  due 
to  syphilis,  lupus,  leprosy,  cancer,  leishmaniosis,  or  rhinoscle- 
roma,  but  the  condition  caused  by  f rambcesia  tropica  and  nothing 
else.  He  will,  of  necessity,  by  knowing  this  name,  remember 
the  geographic  distribution  of  the  disease. 

In  the  light  of  our  experimental  researches  the  only  explana- 
tion for  the  claim  that  the  starting  point  of  gangosa  is  the 
soft  palate  would  be  this :  When  metastatic  yaws  establishes  it- 
self on  the  soft  palate,  it  lingers  there  for  some  time,  as  the 
primary  yaw  did  in  our  experiments  on  the  mucous  membrane 
of  the  nose.  It  persists  there  until  the  reactivity  of  the  body 
becomes  favorable  for  late  ulcerative  lesions.  Initial  or  metas- 
tatic yaws  on  mucous  membranes  are  not  known  to  exist;  but 
direct  spreading  of  primary  or  metastatic  yaws  from  the  skin 
across  the  mucocutaneous  border  onto  the  mucous  membrane  is 
by  no  means  an  uncommon  occurrence.  This  speaks  in  favor  of 
my  contention  that  the  starting  point  of  gangosa  is  the  skin 
yaw,  either  initial  yaw  or  late  ulcerating  yaws  lesion,  extending 
directly  into  the  mucous  membrane.  The  initial  yaw  lingers 
there  for  some  time  after  the  corresponding  early  skin  lesion 
has  healed  and  the  allergic  state  of  the  body  organism  which  is 
responsible  for  the  deep  ulcerating  manifestation  of  yaws  has 
been  reached.  The  late  ulcerative  yaws  lesion  of  the  skin  direct- 
ly penetrates  the  roof  of  the  nose.  The  statement  of  Plehn  and 
Mense,  junior,  (6)  is  at  divergence  with  this  contention.  These 
authors  claim  that  frambcesic  lesions  on  the  faces  of  gangotic 
patients  are  "eminently  rare;"  yet  they  present  photographs  of 
eight  cases  of  tertiary  yaws,  including  four  of  early  and  ad- 
vanced gangosa.  These  photographs  are  reproduced  from  the 
excellent  work  of  Hallenberger.(ll)  Every  one  of  the  gangosa 
cases  shows  unmistakable  manifestations  of  yaws  on  the  skin  of 
the  face,  mostly  on  the  skin  of  the  nose.     The  photograph  of  an 
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advanced  case  (ll,  fig-  46)  of  gangosa  in  man  shows  a  condition 
practically  identical  with  that  in  our  case,  the  monkey  shown  in 
Plate  24,  fig.  1.  While  two  others  (ll,  figs.  4  and  44)  are  identical 
with  the  lesions  in  the  monkey  shown  in  Plate  22,  fig.  2,  as  far 
as  the  changes  on  the  nose  are  concerned. 

The  paper  of  Dijke,  Bakker,  and  Hoesen(7)  bears  on  this 
question.  All  of  their  nine  cases  of  gangosa  showed  framboesic 
lesions  on  the  face,  a  good  many  of  them  about  the  nose. 

I  strongly  suspect  that  the  papule  or  tubercle  designated  as 
the  initial  lesion  in  1891  by  Numa  Rat,  (24)  and  mentioned  by 
him  as  sometimes  observed  on  the  palate  as  a  primary  gangotic 
lesion,  was  really  an  extension  of  a  much  older,  if  not  more 
intensive,  nasal  lesion  that  had  remained  unnoticed  or  healed  up 
to  that  time.  That  the  ulcers  on  the  palate  described  by  Leys  (14) 
and  by  Mink  and  McLean  (18)  had  nothing  to  do  with  gangosa 
needs  no  further  discussion. 

It  is  remarkable  that  this  interpretation  of  the  pathogeny  of 
gangosa  has  been  handed  down  in  the  literature  in  a  uniformly 
worded  definition  in  very  much  the  same  way  as  has  the  erro- 
neous teaching  that  the  primary  lesion  of  yaws  is  an  ulcer.  The 
observations  on  experimentally  produced  yaws  of  Hallenber- 
ger(H)  in  Africa,  and  of  Sellards,  Lacy,  and  Schobl(30)  in  the 
Philippines,  prove  that  the  initial  uncomplicated  framboesic  le- 
sion is  a  yaw  and  not  an  ulcer.  Naturally,  in  a  clinic,  the  intact 
initial  mother  yaw  is  rarely  seen,  and  the  very  earliest  stage 
of  gangosa  probably  never. 

I  have  repeatedly  observed  that  the  initial  framboesic  lesion 
in  monkeys  enters  the  mucocutaneous  border  of  the  nose  (see 
Plate  15),  and  remains  there  for  some  time  after  the  skin  lesions 
have  disappeared.  In  some  of  these  animals  gangosa  developed 
from  the  residual  initial  lesion  on  the  nasal  mucous  membrane 
upon  superinfection.  Hallenberger  (ll,  fig.  4)  describes  and  illus- 
trates a  similar  case  in  man,  where  metastatic  early  yaws  of 
the  skin  extended  to  the  nasal  mucous  membrane,  and  he  re- 
marks that  he  never  saw  a  primary  yaws  lesion  on  a  mucous 
membrane.  In  his  observations  on  yaws  of  the  genitalia  he 
noted  that  the  lesions  extended  from  the  skin  onto  the  mucous 
membrane  of  the  vulva.  Hallenberger  (ll)  also  observed  many 
cases  of  rhinopharyngitis  mutilans  among  the  mountain  tribes 
in  Kameroon.  All  of  his  cases  "have  gone  thru  Mabatta  (yaws) 
and  still  showed  on  the  outer  nose  framboesic  efflorescences  which 
stood  in  connection  with  the  pathologic  process  in  the  inner 
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nose."  According  to  Hallenberger(H)  the  cutaneous  portion  of 
the  overlapping  lesion  yields  more  quickly  to  treatment  than 
does  that  portion  involving  the  mucous  membrane.  I  have  ob- 
served the  same  phenomenon  in  experimental  animals  during 
spontaneous  healing.  The  fact  that  gangosa  has  been  experi- 
mentally produced  in  animals  in  more  than  one  instance  by 
direct  extension  of  skin  lesions,  either  early  or  late,  onto  the 
mucous  membrane  of  the  nose  shows  that  this  mode  of  patho- 
geny is  the  commonest  if  not  the  only  one. 

NODULAR  LUPUSLIKE   LATE  FORMS   OF  YAWS 

In  certain  instances  the  experimental  initial  yaw  persists  for 
a  long  time  and  migrates  over  the  forehead  or  scrotum,  as  the 
case  may  be.  It  does  not  heal  by  complete  restitution,  as  is 
the  case  in  early  lesions,  but  by  scars  that  branch  out  and 
spread  over  the  entire  affected  area.  The  skin  becomes  pig- 
mented, thin,  and  glossy,  and  over  this  scarred  area  islets  of 
flat  defects  or  elevated  nodules  covered  With  scabs  are  scattered. 
The  entire  lesion  assumes  an  appearance  of  lupus  vulgaris  and 
simulates  very  closely  late  yaws  lesions  in  man  that  have  been 
designated  as  lupuslike  or  late  nodular  yaws  lesions.  (9)  An  il- 
lustration of  this  type  of  lesion  as  it  occurred  on  the  forehead 
of  a  gangotic  monkey  is  given  in  Plate  22,  fig.  1. 

LATE  PERSISTENT  FRAMBCESIDES 

KERATODERMA   PLANTARE  AND   ICHTHYOTIC  DESQUAMATIVE   SKIN    LESIONS 

In  their  discussion  of  the  pathogeny  of  framboesia  Castellani 
and  Chalmers (5)  make  the  following  statement: 

There  appears  to  be  a  quarternary  stage,  as  yet  little  recognized,  in 
which  the  organism  cannot  be  found,  in  which,  however,  it  has  so 
chemically  sensitized  the  cells  that,  upon  stimulation  by  as  yet  little 
known  agents,  lesions  appear  which  seem  to  be  of  a  para-anaphylactic 
origin  e.  g.  keratoderma. 

The  callous  thickening  of  the  plantar  skin  as  well  as  the  ich- 
thyotic  skin  lesions  found  on  the  dorsum  pedis,  which  were  ex- 
tensively described  and  illustrated  by  Baermann(2)  in  the  Dutch 
Indies,  and  by  Hallenberger(H)  in  Kameroon,  have  been  as- 
sociated with  framboesia  as  its  late  manifestation.  That  this 
condition  exists  in  the  Philippines  follows  from  the  illustrated 
publications  of  P.  D.  Gutierrez.  (9)  Their  etiologic  affiliation  to 
yaws  rests  on  purely  clinical  grounds.     Treponemas  have  never 


252  The  Philippine  Journal  of  Science  192s 

been  found  in  those  lesions  and  probably  never  will  be;  at  any 
rate,  if  present  at  all,  the  finding  alone  of  one  or  two  treponemas 
cannot  explain  the  extensive  hypertrophic  and  cornification  pro- 
cess. Experimental  production  of  these  dermatoses  in  frambce- 
sic  animals  is  therefore  of  great  significance  and  proves  con- 
clusively their  etiology. 

The  main  feature  of  the  keratoderma  plantare  in  monkeys  was 
that  the  lesions  developed  very  slowly  and  were  of  long  duration. 
They  consisted  in  a  horny  thickening,  first  of  that  part  of  the 
skin  that  covers  the  heel.  Later  other  protuberances  of  the  sole 
became  similarly  affected.  The  cornification  of  the  epidermis 
was  most  pronounced  on  the  heel  throughout  the  disease.  The 
callous  pads  were  thickest  in  the  center  and  gradually,  without 
interruption,  vanished  into  the  soft  skin  of  the  instep,  which 
at  first  remained  normal.  The  surface  of  the  callosities  was, 
generally  speaking,  smooth  at  first ;  the  diffuse,  minute  loosening 
of  the  most  superficial  layers  of  the  hypertrophic  epidermis  was 
responsible  for  the  slate  grayish  or  whitish  color  of  the  surface. 
These  lesions  represented  from  the  beginning  a  purely  hyper- 
trophic process,  without  any  inflammatory  reaction  whatever. 
Being  symmetric  and  of  the  same  extent  on  both  soles,  they  were 
restricted  to  the  plantse  pedum ,  The  palms  remained  normal 
throughout. 

As  the  disease  progressed  the  thickening  of  the  affected  parts 
increased,  the  surface  became  uneven,  and  exfoliation  super- 
vened in  the  form  of  shallow,  round  defects  with  exfoliated 
edges.  By  confluence,  these  defects  became  maplike  with  a 
cribrated  basis.  The  affected  areas  remained  stationary,  with 
the  exception  of  the  outer  plantar  margin.  The  shallow,  tough 
exfoliation  was  most  pronounced  at  this  site,  as  it  was  at  the 
margin  of  the  heel.  Gradually,  the  lesion  crossed  the  outer  dor- 
soplantar  border  and  spread  over  onto  the  skin  of  the  outer 
part  of  the  dorsum  pedis,  and  at  the  same  time  assumed  a 
change  in  character.  The  skin  of  the  dorsum  adjacent  to  the 
dorsoplantar  border  and  over  the  metatarsal  region  clear  to  the 
dorsal  surface  of  the  toes  became  ichthyotic.  On  the  parchment- 
like, slightly  scaly  skin  appeared  numerous  isolated,  circular 
efflorescences,  measuring  from  2  to  5  millimeters  in  diameter. 
They  were  elevated,  dry,  concentric  lesions  showing  very  little, 
if  any,  marginal  exfoliation.  The  soft  skin  of  the  insteps  be- 
came similarly  affected.  To  all  appearances  the  last-described 
ichthyotic  lesions  are  identical  with  those  seen  on  the  same 
part  of  the  body  in  late  framboesia  in  man.     They  are  truer 
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to  the  illustration  of  patients  given  in  the  literature  (for  in- 
stance, by  Baermann,(2)  Gutierrez,  (9)  and  others)  than  are 
similar  but  topographically  unique  late  frambcesides  on  the 
monkey's  tail,  though  identical  in  character  and  nature,  due 
evidently  to  a  similar  topographic  condition  of  the  skin. 

Keratoderma  plantare  and  the  peculiar  late  frambcesic  ich- 
thyotic  exfoliative  skin  lesions  on  the  dorsum  pedis  have  been 
experimentally  produced  in  animals  by  superinfection  with  yaws. 
The  etiology  of  these  lesions  no  longer  rests  on  clinical  observa- 
tions alone,  in  as  much  as,  in  the  absence  of  demonstrable  tre- 
ponemas  in  these  lesions,  the  only  possible  proof  of  their  etiology 
has  been  given,  a  proof  more  valid  than  the  demonstration  of 
occasional  treponema  could  furnish.  The  pathogenesis  of  the 
keratoderma  in  particular  has  been  explained.  This  condition 
does  not  begin  as  metastatic  yaws  modified  by  the  anatomic 
conditions  existing  in  the  sole  of  the  foot,  but  begins,  from  the 
very  start,  as  keratoderma.  The  keratoderma  plantare  and  the 
ichthyotic  desquamative  dermatoses  affecting  the  dorsum  pedis 
are  late  persisting  frambossides.  They  are  one  and  the  same 
process,  the  difference  in  their  clinical  manifestation  being  due 
to  anatomical  conditions  of  the  skin  of  the  dorsum  pedis  different 
from  those  on  the  sole  of  the  foot.  The  photographs  in  Plate 
23,  fig.  2,  and  Plate  24,  fig.  2,  picture  a  well-developed,  uncom- 
plicated keratoderma  plantare  in  the  monkey.  The  pus-secreting 
fissures  and  ulcers  met  with  in  some  patients  afflicted  with  this 
condition  are  undoubtedly  the  result  of  traumatic  injuries  and 
consequent  invasion  of  extraneous  matter,  including  bacteria. 
Interesting  is  the  fact  that,  as  in  most  cases  in  man,  this  disease 
developed  in  monkeys  on  the  lower  extremities  only  where,  in 
spite  of  the  use  of  all  four  extremities  in  locomotion,  the  bulk  of 
the  body  weight  rests.  May  not  the  constant  pressure  bring 
forth  the  tendency  of  yaws  toward  the  hypertrophy  and  cor- 
nification  of  epidermis,  so  manifest  in  other  forms  of  frambce- 
sia,  to  its  maximal  expression  on  the  sole  of  the  foot? 

As  a  consequence  of  specific  treatment,  the  experimental  kera- 
toderma plantare  healed  in  reverse  order  to  that  in  which  it 
developed;  so  that  in  a  certain  stage  of  regression  the  early 
stages  of  its  development  were  simulated.  Within  four  days 
after  the  first  intramuscular  injection  of  neosalvarsan  the  heal- 
ing, first,  of  the  lesion  on  the  dorsum  pedis  and  on  the  soft 
skin  of  the  instep  was  marked.  The  hypertrophic  and  cornifi- 
cation  process  became  limited  to  the  foot  pads,  and  even  these 
gradually  regressed  on  further  treatment. 
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Psoriasis  palmaris  framboesica  must  be  strictly  differentiated 
from  the  condition  just  described.  Whether  it  occurs  on  the 
soles  of  the  feet  or  on  the  palms  of  the  hands,  the  condition 
known  as  keratoderma  is  a  late  manifestation  of  yaws.  It  is 
a  progressive  diffuse  hypertrophic  and  cornifying  process  of  the 
skin  with  exfoliation.  Healing  does  not  occur  during  the  ac- 
tive stage. 

Psoriasis  palmaris  framboesica,  on  the  other  hand,  is  an  early 
general  frambcesic  lesion,  manifested  by  flat  elevated  macules 
with  a  slightly  inflammatory  basis,  covered  with  exfoliating 
epidermis.  It  consists  of  separated  lesions  of  various  ages. 
While  some  are  healing,  others  make  their  appearance. 

Comparing  the  experimental  palmar  and  plantar  manifesta- 
tions of  yaws  in  monkeys  with  the  lesions  commonly  encoun- 
tered in  patients,  it  must  be  remembered  that  there  are  at 
least  three  common  plantar  and  palmar  yaws  lesions  in  man. 
First,  is  the  more  or  less  typical  metastatic  yaw  on  the  sole 
of  the  foot  that  may  be  somewhat  modified  when  it  reaches 
the  neighborhood  of  the  foot  pads;  second,  there  is  the  fairly 
common  psoriasis  palmaris  which  has  little  resemblance  to  the 
typical  yaw,  being  a  macular  lesion  with  a  reddish  elevated 
basis  and  shallow  and  concentric  circular  desquamation.  There 
is  no  oozing  and  no  formation  of  crust.  This  form  is  indis- 
tinguishable from  psoriasis  palmaris  syphilitica;  the  third  com- 
mon manifestation  of  framboesia  on  the  palms,  but  more  fre- 
quently on  the  soles  of  the  feet,  is  the  keratoderma.  There  is 
still  less  resemblance  between  the  last-mentioned  lesion  and 
the  typical  yaw,  it  being  a  diffuse  thickening  of  the  skin  with 
secondary  desquamation  characterized  mostly  by  cornification  of 
the  epidermis,  pronounced  acanthosis,  and  very  slight  inflam- 
matory reaction  on  the  part  of  the  cutis.  While  the  first-men- 
tioned two  lesions  are  coincident  with  the  metastatic  crops  of 
typical  yaws,  the  third  one  is  a  late  manifestation  and  is  per- 
sistent. 

Either  of  the  three  yaws  lesions,  when  located  on  the  sole 
of  the  foot,  is  termed  "clavos"  by  the  patients. 

The  coincidence  of  the  first  or  the  second  lesion  with  the 
keratoderma  may  create  the  impression  that  the  basic  lesion 
of  keratoderma  is  a  metastatic  yaw  more  or  less  modified. 
Experimental  evidence,  however,  shows  that  this  is  not  the  case. 
In  monkeys  that  have  been  kept  constantly  infected  by  super- 
infection I  have  repeatedly  seen  keratoderma  plantare  develop 
from  the  very  beginning  as  a  hypertrophic,  diffuse,  persistent 
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process  that  responded  promptly,  even  though  slowly,  to  spe- 
cific treatment  with  neosalvarsan.  On  the  other  hand,  the 
experimental  psoriasis  palmaris  described  above  was  accom- 
panied by  a  general  eruption  of  typical  and  ringworm  yaws 
in  other  parts  of  the  body.  Induration  and  slight  desquama- 
tion without  oozing  and  without  the  formation  of  crusts,  was 
typical  of  this  lesion  in  monkeys.  The  process  was  evanescent 
and  typical  of  psoriasis  framboesica  in  man. 

Keratoderma  plantare  was  noted  in  monkeys  that  had  been 
repeatedly  superinfected.  Some  of  these  animals  had  meta- 
static early  yaws  lesions,  while  others  failed  to  develop  them. 
Psoriasis  palmaris  developed  only  in  animals  that  presented 
early  generalized  yaws. 

I  have  successfully  produced  the  initial  local  yaw,  the  ty- 
pical metastatic,  the  ringworm  form,  the  papular  yaws,  the 
early  evanescent,  the  late  persistent  framboesides,  nodular  or 
lupuslike  forms,  and  the  ulcerative  lesions  of  late  yaws,  in- 
cluding gangosa,  in  Philippine  monkeys. 

NONSPECIFIC  MANIFESTATIONS  OF  YAWS   IN   PHILIPPINE  MONKEYS 

In  enumerating  the  various  symptoms  I  wish  to  mention 
marasmus,  alopecia,  hyperpigmentation,  leucoderma,  and  lym- 
phadenitis. 

After  the  animals  had  been  kept  infected  for  a  certain  length 
of  time  the  nonspecific  changes  appeared.  General  atrophy  and 
more  or  less  pronounced  diffuse  alopecia  were  noticeable.  These 
gave  the  animal  a  peculiar  appearance  not  unlike  that  of  new- 
born syphilitic  babies  (Plate  27,  fig.  1). 

Although  the  animals  were  apparently  normal  and  took  food 
regularly,  the  marasmus  in  certain  instances  progressed.  Due 
to  this  general  condition  the  mortality  of  the  infected  animals 
was  rather  high  and  only  a  few  of  them  survived  more  than 
two  years  after  infection  had  commenced.  The  usual  post- 
mortem finding  in  animals  that  died  in  the  later  part  of  fram- 
boesic  infection  was  that  of  general  marasmus — that  is,  absence 
of  fatty  tissue,  atrophy  of  the  liver  and  heart,  and  serous 
clear  transudation  into  the  peritoneum,  pleura  and,  most  com- 
monly, into  the  pericardial  sack.  The  spleen  was  invariably 
small  and  firm  and  no  signs  were  found  of  bacterial  infection 
except  in  one  case  where,  in  an  extremely  marantic  monkey, 
typical  pneumonia  was  found  corresponding  in  every  respect 
to  the  findings  made  in  our  experimental  work  on  pneumonia 
in  Philippine  monkeys  under  natural  climatic  conditions.  (28) 
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In  the  description  of  the  initial  local  yaw  mention  was  made 
of  a  temporary  loss  of  hair  within  the  area  of  the  monkey's 
skin  affected  by  the  lesion.  As  the  lesion  spreads  on  the  pe- 
riphery and  heals  in  the  center  the  hair  is  usually  restored. 
Aside  from  this  local  alopecia  a  generalized  alopecia  is  not 
infrequently  found  in  animals  that  have  been  infected  for  sev- 
eral months.  It  begins  as  a  rule  in  the  parietal  regions.  It 
is  a  diffuse,  not  patchy  alopecia,  and  is  symmetric.  It  is  fre- 
quently noticed  in  the  face  and  may  affect  also  the  extremities. 
This  happens,  not  by  direct  extension  of  the  alopecia  from  the 
head  over  the  neck  to  the  arms,  but  on  the  extremities  it  usually 
commences  on  the  distal  ends  of  the  feet  and  the  hands,  and 
spreads  upward  to  about  the  middle  of  the  forearm.  In  these 
places  the  alopecia  is  most  pronounced  and  displays  particular 
predilection  for  the  tail.  It  may,  however,  to  a  more  or  less 
pronounced  degree  affect  the  entire  body.  This  generalized 
diffuse  alopecia  is  persistent,  but  the  hair  is  sooner  or  later 
restored  following  specific  treatment.  This  phenomenon  of 
lack  of  hair  was  observed  before  on  Philippine  monkeys,  by 
Ashburn  and  Craig,  (l)  The  condition,  however,  may  occur  in 
noninfected  marantic  monkeys,  although  not  so  frequently  as 
in  yaws  animals. 

In  their  attempt  and  with  the  intention  to  accumulate  as  many 
differential  points  as  possible  between  frambcesia  tropica  and 
syphilis,  frambcesologists,  particularly  those  working  in  Africa, 
stated  that,  while  alopecia  is  very  common  with  syphilis,  it  is 
unknown  to  be  a  symptom  of  frambcesia.  One  naturally  won- 
ders as  to  the  validity  of  this  statement  if  one  considers  the 
absence  of  alopecia  of  any  kind  among  pure  Africans.  My 
experiments  confirm  the  observation  of  Ashburn  and  Craig(i) 
and  further  support  the  point  that,  with  respect  to  alopecia, 
there  is  no  innate  difference  in  the  nature  of  Treponema  pertenue 
and  T.  pallidum. 

Hyperpigmentation  of  the  skin  is  one  of  the  characteristics 
of  yaws  in  monkeys.  It  is  not  so  pronounced  on  the  eyebrows 
and  face  as  it  is  on  the  other  parts  of  the  body.  It  is  a  dis- 
colorization  which  is  restricted  to  the  area  of  healed  yaws, 
either  local  or  metastatic,  and  persists  a  long  time.  It  is 
particularly  pronounced  on  the  scrotum. 

Aside  from  the  hyperpigmentation  of  the  skin  hyperpigmen- 
tation of  the  hair  was  noticed  in  several  instances  over  the 
eyebrows  and  on  the  skull.  When  the  spreading  initial  local 
yaw  reached  its  climax  and  became  stationary  there  was  noticed 
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a  deep  black  discolorization  of  the  hair  outlining  the  healed 
lesion  as  a  narrow  black  line  over  the  eyebrows  or  on  the  top 
of  the  skull.  It  persisted  for  some  time  after  the  lesion  itself 
had  healed  but  disappeared  ultimately  without  treatment. 

The  lack  of  pigment,  or  leukoderma,  can  be  best  seen  in  the 
face  round  the  eyebrows  and  on  the  bridge  of  the  nose,  where 
a  sharp  dividing  line  naturally  separates  the  pigmented  parts 
of  the  entire  body  from  the  rather  whitish  skin  on  the  eyelids. 
In  a  great  many  instances  this  line  was  found  interrupted  and 
leukodermic  patches  overlapping  across  the  line  into  the  pig- 
mented part  of  the  skin  were  observed  (see  Plate  17,  fig.  1). 
The  leukodermic  patches,  as  a  consequence  of  yaws  lesions, 
were  still  more  persistent  than  the  hyperpigmentation. 

THE   RELATION   BETWEEN   THE   TYPE  AND  CHARACTER   OF   EXPERIMENTAL   YAWS 
LESION   AND   THE   NUMBER  OF  TREPONEMAS  ENCOUNTERED  THEREIN 

The  number  of  treponemas  found  by  the  dark  field  in  an 
experimental  yaws  lesion  is  variable.  The  number  of  trepone- 
mas that  will  be  found  on  microscopic  examination  can,  how- 
ever, be  safely  predicted  from  the  appearance  or  type  of  the 
lesion. 

As  to  the  type  of  the  lesion,  the  general  rule  is  that  initial 
and  metastatic  lesions  contain  regularly  treponemas  in  sufficient 
numbers  to  be  demonstrated  easily  under  the  dark  field.  The 
late  lesions,  however,  either  ulcerative,  lupuslike,  or  nodular, 
are  characterized  by  the  presence  of  so  few  treponemas  that 
even  a  persistent  and  repeated  search  fails  to  detect  them. 

As  for  the  frambcesides,  it  has  already  been  mentioned  that 
the  search  in  them  for  Treponema  pertenue  was  futile. 

Aside  from  the  type  of  the  lesion,  the  initial  local  yaw,  the 
metastatic  generalized  yaw  and  the  late  manifestations  of  yaws, 
the  character  of  a  local  or  of  a  metastatic  early  yaw  indicates 
with  fair  constancy  the  number  of  spirochetes  it  can  be  ex- 
pected will  be  found  upon  microscopic  examination  of  the  oozing 
lymph  or  of  the  scrapings  from  the  lesion.  The  elevated,  freely 
oozing,  extensive  lesion  contains  very  numerous  treponemas, 
while  the  feeble,  dry  lesion  contains  very  few.  When  the 
healthy,  freely  oozing  lesion,  containing  numerous  treponemas, 
reaches  the  third  or  fourth  stage  of  development  and  becomes 
dry  and  spreads  on  the  periphery,  it  shows  the  presence  of  but 
few  treponemas,  while  in  the  last  two  stages  in  the  development 
of  a  local  yaw  there  are,  as  a  rule,  none. 

2S2908— 4 
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In  spite  of  the  apparent  absence  of  treponemas,  the  scrapings 
from  the  lesion  may  produce  a  take  of  typical  yaw,  but  this 
procedure  is  not  reliable  and  gives  occasional  failures  of  takes 
upon  careful  inoculation  of  normal  animals.  Care  should,  there- 
fore, be  exercised  in  the  selection  of  material  for  reinoculation 
or  superinfection,  particularly  when  a  test  of  resistance  or 
immunity  comes  into  consideration. 

Repeatedly  a  long  search  for  treponemas  in  lymph  glands, 
for  instance,  failed  to  reveal  the  presence  of  treponemas  under 
the  dark  field,  while  inoculation  of  the  suspension  of  the  entire 
gland  produced  in  the  monkey  a  typical  local  lesion  in  which  the 
treponemas  were  demonstrated  microscopically  with  ease. 
Thus,  in  frambcesia  the  inoculation  is  a  more  reliable  procedure 
than  is  the  microscopic  search  for  treponemas. 

TERMINOLOGY  OF  THE  VARIOUS  FORMS  OF  YAWS 

The  classification  of  yaws  into  primary,  secondary,  and  ter- 
tiary stages  has  been  made  by  analogy  with  the  familiar  ter- 
minology in  syphilis.  This  classification  necessarily  suggests 
a  certain  sequence  of  appearance  of  the  lesions  and  even  a 
certain  dependency  of  the  secondary  lesion  on  the  primary  and 
of  the  tertiary  on  the  secondary,  as  well  as  latency  of  infection 
separating  the  three  stages  from  each  other.  That  this  classi- 
fication is  not  correct,  at  least  with  respect  to  yaws,  has  been 
pointed  out  in  the  literature. 

In  our  observations  (30)  on  experimental  yaws  in  humans  the 
fact  was  established  by  experimentation  that  the  typical  initial 
yaw  need  not  develop  at  all  in  man,  and  yet  typical,  metastatic, 
generalized  yaws  will  follow  (frambcesia  d'emblee).  Conse- 
quently, the  frequent  clinical  experience,  that  the  primary  yaw 
cannot  be  discovered  by  questioning  the  patient,  need  not  be 
altogether  due  to  the  patient's  ignorance.  As  in  man,  so  in 
the  monkey,  there  is  not  necessarily  a  period  of  latency  be- 
tween the  initial,  local  lesion  and  the  generalized  manifestations 
of  yaws. 

As  in  man,  so  in  monkeys,  the  initial  yaw  may  and  usually 
does  survive  the  metastatic  yaws.  On  the  other  hand,  I  have 
observed  that,  following  the  persistence  of  the  initial  lesion 
produced  by  superinfection,  the  animal's  organism  reached  a 
state  in  which  the  subsequent  superinfection  no  longer  produced 
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a  typical  yaw  but,  instead,  produced  a  deep,  ulcerating,  slowly 
growing  lesion  that  did  not  heal  while  active,  and  never  from 
the  center  affected  the  entire  thickness  of  the  skin,  the  sub- 
cutaneous tissue,  and  cartilages,  and  ultimately  healed  from  the 
periphery  by  deep  scars ;  in  other  words,  a  lesion  usually  termed 
tertiary.  Therefore,  lesions  in  these  cases  of  experimental  yaws, 
designated  usually  as  secondary,  never  took  place  and  the  in- 
fection in  the  animal  passed  from  the  stage  termed  as  primary 
directly  into  the  tertiary.  It  is  at  once  evident  from  this 
that  the  systematic  classification  of  yaws,  either  in  man  or  in 
the  animal  under  experimentation,  into  primary,  secondary,  and 
tertiary  stages  is  untenable.  I  have,  indeed,  seen  in  an  indi- 
vidual, superinf  ected  animal,  the  direct  transition  of  the  so-called 
primary  lesion  into  a  so-called  tertiary  lesion,  the  animal,  in 
the  meantime,  not  having  passed  through  either  a  stage  of 
latency  or  through  the  so-called  secondary  stage. 

Deep,  late  ulcerative  lesions  do  not  develop  metastatically  as 
such.  They  spring  from  early  yaws  of  long  duration.  The 
character  of  these  lesions,  so  different  from  the  early  superfi- 
cial manifestations,  is  due  to  the  allergic  state  of  the  affected 
animals  or  of  man.  One  frequently  sees  in  the  literature  pho- 
tographs of  lesions  of  a  deep  ulcerative  character  in  man,  that 
have  been  labeled  "primary  lesion,"  apparently  for  the  sole 
reason  that  they  developed  at  the  site  of  the  mother  jaw.  If 
the  division  into  primary,  secondary,  and  tertiary  stages  is  to 
be  insisted  upon,  the  paradoxical  designation  of  such  a  lesion 
as  "primary  tertiary"  would  be  justified ;  primary  because  orig- 
inal or  initial  yaw,  and  tertiary  because  of  its  clinical  and 
anatomical  character.  It,  therefore,  would  be  more  literal  and 
less  misleading  to  designate  the  yaws  lesions  as  suggested  in 
the  following  paragraphs. 

The  term  of  the  initial  lesion  as  a  mother  yaw  is  acceptable 
in  view  of  the  fact  that  the  generalized  eruption  of  typical  yaws 
occurs  in  man  most  frequently.  The  designation  of  this  lesion 
as  an  initial  local  yaw  would,  however,  at  the  same  time,  include 
the  initial  local  yaw  that  develops  without  becoming  a  mother 
yaw  to  a  subsequent  generalized  eruption. 

The  generalized  eruption  of  typical  yaws  should  be  desig- 
nated as  a  metastatic  yaw,  typical  or  atypical. 

For  the  form  of  superficial  metastatic  lesions  of  protean  char- 
acter that  develop  toward  the  end  or  subsequent  to  the  cropping 
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out  of  typical  yaws,  the  name  of  frambcesides  should.be  retained. 
However,  besides  the  designation  of  early  and  late  framboesides, 
as  is  suggested  by  Hallenberger,(H)  some  should  be  called 
evanescent  and  others  persistent  framboesides.  While  the  eva- 
nescent frambcesides,  which  are  in  a  given  case  the  early 
ones,  still  maintain  some  of  the  resemblance  to  certain  stages 
in  development  of  the  initial  local  yaw ;  the  persistent  ones,  which 
are  the  late  frambcesides,  have  little  if  any  resemblance  to  the 
local,  and  still  less  to  the  metastatic  yaw.  In  them  the  hyper- 
keratosis, hyperpigmentation,  and  depigmentation  are  pushed 
into  the  foreground. 

The  lesions  that  are  generally  termed  tertiary  should  be 
termed  late  yaws.  Further  determination  of  these  lesions  should 
be  made  by  descriptive  terms.  Whether  they  produce  mutilation 
or  not  is  largely  dependent  on  the  shrinking  scars  by  which 
they  heal,  on  the  extent  of  the  ulceration,  or  on  their  topo- 
graphic location  (gangosa). 

As  a  suggestion  we  would  propose  the  following  terms  with 
regard  to  types  of  yaws  lesions : 

1.  Local,  initial  yaw,  typical  or  atypical. 

2.  Metastatic  yaw,  regionary  or  generalized,  typical  or  atypi- 
cal. 

3.  Local  or  metastatic,  evanescent  or  persistent  frambcesides. 

4.  Late  yaws  lesions,  ulcerative,  nodular,  and  lupuslike. 

5.  The  bone  lesions  should  be  classed  by  themselves,  in  as  much 
as  they  are  either  early  or  late,  hypertrophic,  atrophic,  or  nec- 
rotic.    They  may  affect  the  periost  or  the  bone  itself. 

Disregarding  the  type  of  the  lesion  or  its  genesis,  the  yaws 
infection  could  be  divided  into  two  stages;  namely,  first,  the 
stage  during  which  the  patient  is  susceptible  to  superinfection 
after  or  before  he  has  been  cured,  and,  second,  the  stage  in 
which  the  patient  cannot  be  superinfected,  either  before  or  after 
treatment.  This  division  would  be  of  particular  importance 
from  the  epidemiological  standpoint.  It  may  be  safely  pre- 
dicted that  a  person,  who  has  had  yaws  for  about  eight  months 
or  a  year  and  gone  through  typical  crops  of  metastatic  yaws, 
will  no  longer  contract  yaws,  either  naturally  or  experimentally. 
However,  patients  that  have  had  yaws  for  not  longer  than 
about  a  half  year  may  again  contract  typical  yaws  infection. 
The  cases  of  late  ulcerative  and  hypertrophic  yaws  manifesta- 
tions represent  a  protracted  first  stage. 
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SEROLOGIC  OBSERVATIONS  ON  EXPERIMENTAL  YAWS  IN  PHILIPPINE 

MONKEYS0 

The  purpose  of  the  serologic  investigation  was  to  ascertain 
the  following  points: 

Serologic  findings  in — 

-  Experimental  initial  local  yaw. 

Experimental  generalized  yaws. 

Experimental  ulcerative  forms  of  yaws. 
The  influence  on  serologic  findings  of — 

Superinfection. 

Treatment. 

Reinoculation. 

First  of  all,  an  attempt  was  made  to  learn  the  frequency, 
regularity,  and  other  conditions  of  Wassermann  reaction  in  the 
early  stage  of  a  noncomplicated  initial,  local  yaw.  For  this 
purpose  a  series  of  normal  monkeys  was  subjected  to  the  Was- 
sermann reaction,  after  which  the  animals  were  inoculated  with 
yaws.  In  Tables  2  and  3,  showing  the  development  and  duration 
of  the  Wassermann  reaction  in  singly  infected  monkeys  that 
developed  an  initial,  local  yaw  the  results  of  the  Wassermann 
reaction  are  given.  It  can  be  seen  that  approximately  one  month 
after  the  inoculation  and  about  the  time  of  the  appearance  of 
the  clinical  lesion  recognizable  as  yaw  the  positive  Wassermann 
reaction  appeared.  However,  at  least  two  out  of  eight  success- 
fully inoculated  animals  showed  persistently  negative  Wasser- 
mann reaction.  On  the  other  hand,  those  animals  that  failed  to 
take  (two  monkeys)  gave  persistently  negative  Wassermann  re- 
action. It  can  be  further  seen  from  these  tables  that  the  du- 
ration of  the  positive  reaction  in  the  majority  of  the  cases  was 
very  short,  only  one  having  persisted  distinctly  positive  for 
more  than  three  months  after  inoculation  and  for  two  months 
after  the  appearance  of  the  clinical  lesion.  The  majority  of 
positive  reactions  became  distinctly  weaker  and  most  of  them 
were  negative  in  from  five  to  six  weeks  after  inoculation.  This 
peculiar  behavior  as  to  the  appearance  and  short  duration  of 
Wassermann  reaction  in  the  initial  uncomplicated  local  yaw 
should  not  be  wondered  at,  because  an  analogous  condition  hardly 
ever  occurs  in  man,  where  practically  in  every  case  the  initial 

9  Onof re  Garcia  and  Jose  Ramirez,  of  the  division  of  biology  and  serum 
laboratory  of  the  Bureau  of  Science,  collaborated  in  preparing  this  section, 
pages  261  to  276. 
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yaw  is  followed  either  by  generalization  of  the  yaws  process 
or  by  chronic  lesion  that  persists  for  a  long  time.  In  animals, 
on  the  contrary,  in  the  majority  of  cases  the  local  yaw  develops, 
regresses,  and  heals,  by  which  process  the  entire  infection  is 
terminated.  For  that  reason  there  are  cases  where  the  local 
lesion  during  its  development  and  regression,  and  following  its 
healing,  brings  about  no  appreciable  change  in  the  serologic 
behavior  of  the  animal's  serum.  In  order  that  the  reasons  for 
such  irregularities  as  occur  in  the  Wassermann  reaction  in  ex- 
perimental yaws  might  be  detected,  animals  in  various  stages 
of  yaws  infection  were  examined.  They  represented  all  of  the 
modifications  in  the  arrangement  of  infection,  superinfection, 
and  reinfection  that  we  applied  in  our  investigation  and  the 
results  are  given  in  Tables  4  to  8. 

The  basic  table  giving  the  results  of  the  Wassermann  test 
performed  on  yaws-infected  monkeys  from  time  to  time  has 
been  arranged  in  Table  4  according  to  the  time  factor.  It  shows 
in  months  the  time  that  elapsed  between  the  first  inoculation 
and  the  date  on  which  the  sample  of  blood  was  withdrawn  from 
the  heart  of  the  infected  animal  for  use  in  the  Wassermann 
reaction.  From  this  general  table  one  conclusion  only  can  be 
drawn ;  that  is,  the  effect  of  duration  of  infection  upon  strength 
or  development  of  the  positive  Wassermann  reaction.  It  can  be 
noted  that,  following  the  fourth  month,  strong  Wassermann  re- 
actions make  their  appearance. 

In  Table  7  the  data  with  regard  to  the  result  of  the  Wasser- 
mann reaction  in  yaws-infected  monkeys  have  been  arranged,  and 
five  factors  are  considered. 

Table  3.— Showing  the  rapid  disappearance  of  Wassermann  reaction  iv 
experimental  local  yaw  of  short  duration  (one  inoculation)  upon  spon- 
taneous healing, 

t_,  complete  hemolysis;   ±,  trace  of  inhibition;   -f-f,  about  50  per  cent  inhibition;   +++, 
about  75  per  cent  inhibition.] 


Designation  of  monkey. 


T-9  - 
J-14. 
M-4. 
B-4  . 
P-ll 
K-5. 
H-19 
T-10 


Date  of  first 
inoculation. 


VIII-18-26 
IX-30-26 
IX-13-26 
VIII-6-26 
VI-25-26 
IX-23-26 
IX-29-26 

VIII-20-2G 


Date  of  ap- 
pearance of 
lesion. 


IX-6-26 
X-9-26 

do 

IX-22-26 

VII- 16-2 6 

X-9-26 

-_-.do 

IX-6-26 


Date  of  ex- 
amination 
Wasser- 
mann reac- 
tion. 


X-6-26 
..-do.__. 
---do.... 
---do_._. 
--do.._. 
---do.... 
--do.... 
--do.... 


Result. 


+  +  + 


+  +  + 
+  + 

± 
+  +  + 


Date  of 
reexamina- 
tion upon 

healing. 


XI-4-26 

do.... 

--do.... 

-.-do.__. 

---do.__. 

.-.-do-... 

-do 

-do..... 


Result. 
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First  is  the  factor  of  the  number  of  successive  inoculations. 
This  factor  was  considered  with  the  view  to  obtaining  some 
information,  if  possible,  as  to  whether  or  not  the  number  of 
successive  crops  has  any  influence  on  the  development  of  the 
Wassermann  reaction  in  yaws  monkeys. 

The  second  factor,  column  2,  is  the  number  of  simultaneous 
inoculations;  that  is,  in  one  infection  the  inoculation  was  some- 
times carried  out  at  one  place  only,  at  other  times  in  two  places, 
and  at  still  other  times  in  three  places,  so  that  an  animal  may 

Table  4. — Showing  the  influence  of  number  of  takes  upon  the  result  of  the 

Wassermann  reaction, 

[ — t  complete  haemolysis;   ±,   trace  of   inhibition;    -f,   slight   inhibition;   -f-f-,    about   50  per 
cent  inhibition;  -f++.  about  75  per  cent  inhibition;  -f-j-f-f,    100   per  cent   inhibition.} 


Monkey  No. 

Takes. 

Wasser- 
mann reac- 
tion. 

Months. 

Form  of  yaws. 

O-a                  - 

0 
4 
5 
1 
3 
2 
2 
0 
4 
1 
3 
2 
2 
3 
2 
2 
1 
3 
3 
2 
»3 
2 
2 
2 
2 
3 
3 
2 
4 
2 
2 
4 
2 
2 

+ 
+ 

+  + 

+  +  + 

+  + 
± 

+  + 

+  + 

+  +  +  + 

+  + 

+  +  + 

+ 
+  + 

+ 

+  +  +  + 

+  + 

+  + 
+  +  + 

+ 

1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
4 
4 
5 
6 
6 
6 
6 
6 
6 
6 
7 
7 
8 
8 
8 
9 
9 
9 
9 
9 
9 
11 
11 
11 

Local. 

Do. 

Do. 

Do. 

Do. 

Do. 
Local,  mild. 
Local. 

Do. 

Do. 

Do. 
Ulcerative. 

Local  intensive  exacerbation. 
Generalized. 
Local. 
Ulcerative. 
Local. 

Do. 

Do. 
Ulcerative. 
Local. 

Do. 

Do. 

Do. 
Ulcerative. 
Generalized. 
Local. 

Local,  extensive. 
Local. 

Do. 

Do. 

Do. 

Do. 

Do. 

M-2                  ---   - 

M-3                  .   

T-l                      

S-b                         

p_ll                         

O-b                 --- 

p_9                   ___ 

P-10                 -_ 

D-9                   -.- 

B-3                 --- - 

C-l             .   

H-16-b                -- --- 

P-8      .      - --- 

D-8           .--   .- 

J-10            -.- - 

D-9 

S-b                   -   - 

B-3.-_ -._ 

C-l 

B-l           

B-2           

O-b  -_   

D-8               .   _   

J-10              - --- 

p-8 _-- 

B-l           

B-2           . 

A-2           

A-3           .   __-   

L-4     

A-2           .  -_ - 

A-3 -- 

L-4 ---- --- 

a  One  mild  take. 
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have  been  infected  only  once  but  in  one  place,  in  two  places, 
or  in  three  places.  This  factor  is  given  here  regardless  of 
whether  the  individual  inoculation  resulted  in  a  take  or  not. 

The  third  factor  is  the  number  of  takes;  that  is,  the  total 
number  of  takes  that  developed  following  any  number  of  in- 
oculations made  at  any  number  of  successive  infections. 

The  fourth  factor  is  the  one  considered  in  the  first  table; 
that  is,  the  factor  of  duration  of  infection. 

The  fifth  factor,  in  the  last  column,  is  the  form  of  the  lesion 
that  developed.     General  classification  is  made  into  local  typical 

Table  5.— Showing  the  influence  of  number  of  infections  upon  the  result  of 
the  Wassermann  reaction. 

I-  complete  haemolysis;  ±,  trace  of  inhibition;  -f,  slight  inhibition;  -f-f,  about  50  per 
eent  inhibition;  +++,  about  75  per  cent  inhibition;  ++++,    100   per   cent   inhibition.] 


Monkey  No. 


O-a 

M-2 

M-3 

T-l._ 

S-b 

F-ll 

O-b 

P-9 

P-10 

D-9 

B-3 

C-l 

H-16-b 

P-8 

D-8 

J'-IO 

D-9... 

S-b 

B-3 

C-l 

B-l 

B-2 

0-b_.. 

D-8 

J-iO 

P-8 

B-l 

B-2... 

A-2 

A-3 

L-4 

A-2 

A-3 

L-4 


Infec- 
tions. 


Wasser- 
mann reac- 
tion. 


+ 
+ 


+  +  + 


+  + 

+  +  +  + 

+  + 

+  +  + 


+ 

+  + 

+ 

+  +  +  + 

+  + 

+  + 
+ 
+  + 


Months. 


Form  of  yaws. 


8 
9 
9 
9 
9 
9 
9 

11 

11 

11 


Local. 

Do. 

Do. 

Do. 

Do. 

Do. 

Local,  mild. 

Local. 

Do. 

Do. 

Do. 

Ulcerative. 

Local  intensive  exacerbation. 
Generalized. 
Local. 
Ulcerative. 
Local. 
Do. 
Do. 
Ulcerative. 
Local. 
Do. 
Do. 
Do. 
Ulcerative. 
Generalized. 
Local. 

Local,  extensive. 
Local. 
Do. 
Do. 
Do. 
Do. 
Do. 
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yaw,  extensive  exacerbation  or  extensive  lesion,  mild  lesion, 
generalized  yaws,  and  ulcerative  type. 

The  results  in  experimental  animals  have  been  arranged  in 
this  table,  according  to  the  duration  of  infection,  into  ten  groups. 
Although  some  of  the  groups  are  rather  small,  the  others  are 
sufficiently  large  to  draw,  by  comparison,  certain  conclusions 
with  regard  to  one  or  the  other  factor  considered  in  some  of 
the  small  groups. 

If  we  consider  the  first  group,  the  one-month  group,  we  can 
see  that  the  number  of  successive  infections,  the  time  factor, 
and  the  form  of  yaws  are  constant.     There  are,  however,  va- 

Table  6. — Showing  the  influence  of  duration  of  yaws  infection  upon  the 
result  of  the  Wasserniann  reaction, 

I — ,    complete   hemolysis ;    ±,   trace   of    inhibition;    +,    slight    inhibition;   -f-f,    about   50   per 
f.-nt  inhibition;  -f-f-f,   about  75   per   cent  inhibition;   -f-f-f-f-,    100    per   cent    inhibition.] 


Monkey  No. 

+ 

+ 

± 
± 

2 

3        4 

5 

Months. 

6        1      7      |    8 

9        |   10 

1 

1"" 

- _ .  i . 

ii 

,     O-a 

i 

!            

M-2 

"" 



■■-■ 

_  _ 

.__  . .. 

:     M-3 

T-l 

i 

1 

i 

T-9._     _ 

T-10 

A- 4 

E-15 

± 

- 

B-4 

J-13 

T-4 

.... 



K-4-. 

S-b 

± 

1 
+  +     ! 

"!'■'■ 

F-ll   _ 

i             

*     O-b 

~ 

. 

P-9 

P-10 

D-9 

+  + 

P-ll 

j 

B-3 

+  + 

++++U  - 

+  -f    

; 

C-l 

.... 



H-16-b 

+++ 

T-3 

+  +  +  + 

i 

N-8 

A- 

+ + 

P-8 

1 
+  +     

D-8 

+  4-  +  + 

+  +  + 

J-10 

C-3 

+ 

++++ 
++ 

B-l 

B-2 

A-2 

.... 

+  +  + 

+ 

+  + 

A-3 

..... 

L-4 

i 

1 
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Table  7.— Combined  table,  showing  the  influence  of  severity  of  lesion, 
duration  of  infection,  repeated  inoculations,  number  of  inoculations', 
number  of  takes,  and  type  of  yaws  upon  the   Wassermann  reaction. 

E— ,  complete  hemolysis ;   ±,   trace  of   inhibition ;    +,   slight   inhibition ;   ++,   about   50  per 
cent  inhibition;  +++,  about  75  per  cent  inhibition;  ++++,    f00   per   cent   inhibition.] 


Monkey  No. 


0-a.._. 
T-l.__. 
A-4.._. 

T-9 

T-10... 
M-2._._ 
M-3„._ 
E-15... 

B-4 

J-13..... 
T-4_.__ 

K-4 

P-9_.__ 
P-ll.__ 

D-9 

F-ll 

0-b..._ 

S-b 

P-10._. 

C-l 

B-3 

T-3 

H-16-b., 


D-8-. 
J-10.. 
D-9_. 
S-b.. 
B-3-. 
C-1-. 
C-3_. 
P-8._ 
B-l__ 
B-2.. 
0-b._ 
D-8._ 
J-10.. 
A-3__ 
B-l... 

L-4... 

A-2__. 
P-8... 
B-2... 
A-3... 
L-4... 
A-2... 


Succes- 
sive in- 
fections. 


Individ- 
ual inoc- 
ulations. 


2 

1 
2 
5 
5 
2 
1 
2 
2 
2 
8 
1 
2 
2 
2 
6 
7 
2 
7 
7 
2 

2 

2 

2 

6 

7 

2 

3 

3 

3 

5 

5 

2 

2 

4 

3 

2 

6 

3 

6 

4 

2 

8 


Positive 
takes. 


0 
1 
1 
2 
2 
3 
4 
2 
3 
0 
2 

2 

2 

1 

3 

3 

2 

3 

3 

2 

3 

2 

2 

2 

2 

3 

2 

4 

3 

2 

2 

2 

4 


Wasser- 
mann 
reaction. 


+ 


+  + 


+  -f 


+  +  + 


+  +  +  + 
+  +  +  + 

+  +  + 


+ 

+  +  +  + 
+  +  + 


Duration 
of  infec- 
tion. 


Months. 


2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
8 


9 

9 

9 

9 

9 

9 

11 

11 

11 


Form  of  yaws. 


Local. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ulcerative. 
Local,  extensive. 

Local,  intensive  ex- 
acerbation. 
Local. 
Ulcerative. 
Local. 
Do. 
Local,  extensive. 
Ulcerative. 
Generalized. 

Do. 
Local,  mild. 
Local,  extensive. 
Local. 

Do. 
Ulcerative. 
Local. 

Do. 

Do. 

Do. 
Generalized. 
Local,  extensive. 
Local. 

Do. 

Do. 
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nations  in  the  number  of  inoculations  and  the  number  of  takes. 
There  are  also  variations  in  the  results  of  the  Wassermann 
reaction.  There  appeared  to  be  a  relation  between  the  strength 
of  the  Wassermann  reaction  and  the  number  of  inoculations, 
and  the  number  of  takes.  The  two  frankly  positive  Wasser- 
mann reactions  were  found  in  monkeys  that  had  been  inoculated 
in  five  places  and  developed  four  and  five  takes,  respectively. 
It  seems  to  show  that  these  two  factors  are  significant;  but, 
whether  both  of  them  or  only  one  is  so,  and  which  one,  is  not 
apparent  from  this  group. 

Table  8. — Shmving  the  influence  of  number  of  inoculations  upon  the  re- 
sult of  the  Wassermann  reaction. 

I — ,   complete   haemolysis  ;    ±,   trace  of   inhibition  ;    -J-,   slight    inhibition ;  -j— f-,    about  50  per 
cnt  inhibition:  +-}-[-,   about  75  per  cent  inhibition;  — | — | — f — f— »    100   per  cent   inhibition.] 


Monkey  No. 


O-a 

M-2 

M-3 

T-l 

S-b 

F-ll____ 

0-b 

P-9 

P-10 

D-9 

B-3 

C-l 

H-16-b- 

P-8 

D-8 

J-10 

D-S 

S-b 

B-3 

C-l 

B-l 

B-2 

0-b 

D-8 

J-10 

P-8 

B-l 

B-2 

A-2 

A-3 

L-4 

A-2 

A-3 

L-4 


Inocula- 
tion?. 


Wasser- 
mann 
reaction. 


2  I 
I  I 

?i 

2 

7 

2 


+  + 


+  +  + 
+  + 


+  +  +  + 

+  +  + 

+ 

+  + 

+ 

+  +  +  H- 

+  + 

+  +  + 

+ 

+  4- 


Months. 


Form  of  yaws. 


Local. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ulcerative. 

Local,  intensive  exacerbation. 
Generalized. 
Local. 
Ulcerative. 
Local. 

Do. 

Do. 
Ulcerative. 
Local. 

Do. 

Do. 

Do. 
Ulcerative. 
Generalized. 
Local. 

Local,  extensive. 
Local. 

Do. 

Do. 

Do. 

Do. 

Do. 
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In  the  second  group,  the  two-month  group,  the  factors  of  time 
and  form  of  lesions  are  the  same.  The  factors  of  number  of 
successive  infections,  the  number  of  inoculations,  and  the  num- 
ber of  takes  do  not  vary  considerably,  the  lowest  being  one 
and  the  highest  two.  In  consequence,  the  results  of  the  Wasser- 
mann  reaction  do  not  vary  either,  there  being  three  negative 
and  two  doubtful  Wassermann  reactions  in  this  group. 

In  the  three-month  group  the  factor  of  number  of  successive 
infections  does  not  vary  much,  only  one  animal  having  had  two 
successive  infections;  the  rest  of  them  were  infected  only  once. 
The  time  factor  does  not  vary  the  number  of  individual  inocu- 
lations, however,  and  the  factor  of  takes  varies.  The  factor 
of  form  of  yaws  is  slightly  modified  in  one  animal  that  developed 
a  mild  lesion  after  inoculation.  In  this  group,  better  than  in 
other  groups,  the  predominance  of  the  factor  of  takes  over  that 
of  individual  inoculations  is  apparent.  The  animal  that  devel- 
oped the  highest  number  of  takes  showed  the  strongest  Wasser- 
mann reaction.  The  next  highest  number  of  takes  showed 
plus-minus  Wassermann  reactions,  while  the  rest  of  the  animals 
gave  negative  results.  It  is  significant  that  animal  S-b,  which 
received  six  individual  inoculations  and  showed  three  takes,  had 
a  doubtful  Wassermann  reaction,  the  one  that  received  seven 
inoculations  and  developed  four  takes  had  a  strong  reaction, 
and  the  animal  (P-9)  that  received  eight  inoculations  but  de- 
veloped no  take  showed  negative  Wassermann  reaction. 

The  fourth-month  group  is  very  small,  yet  it  will  be  seen  that 
one  animal,  which  received  seven  inoculations  and  developed 
three  takes,  had  a  strong  Wassermann  reaction,  while  the  other, 
which  developed  an  ulcerative  lesion,  was  negative.  This 
places  the  ulcerative  lesion  in  a  group  with  the  mild  local  lesion. 

The  factor  of  the  form  of  yaws  is  emphasized  in  the  next 
small  group,  the  five-month  group.  The  animal  infected  once 
in  two  places,  that  developed  two  takes  but  an  intensive  local 
exacerbation,  showed  a  very  strong  Wassermann  reaction ;  while 
another  animal,  which  was  inoculated  seven  times  in  seven  places 
but  had  no  take  at  all,  gave  a  negative  Wassermann  reaction. 

In  the  six-month  group  all  factors  involved  except  that  of 
time  are  varied.  The  generalized  yaws  are  shown  to  have 
given  a  strong  Wassermann  reaction,  the  ulcerative  forms  either 
negative  or  double  plus,  and  the  animals  that  developed  local 
yaws,  after  six  and  seven  individual  inoculations  with  three 
takes,  behaved  similarly  to  those  with  generalized  yaws.     On 
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previous  occasions  the  number  of  individual  inoculations  showed 
no  influence  on  the  results  of  the  Wassermann  reaction,  provided 
they  were  all  negative.  In  two  cases  (S-b  and  B-3),  however, 
the  negative  takes  occurred  after  a  series  of  three  positive  takes, 
and  the  negative  takes  as  quoted  were  the  immune  reactions 
described  before.  In  such  cases,  when  the  organism  reacts  to 
the  inoculation  of  Treponema  pertenue,  not  by  a  typical  yaw 
but  only  by  an  immune  reaction,  the  body  organism  sensitized 
by  local  lesions  that  developed  on  previous  inoculation  may  be 
stimulated  to  more  intensive  formation  of  the  reagin. 

In  the  next  small  group,  the  seven-month  group,  where  the 
factor  of  time  and  the  number  of  infections  are  constant  and 
the  number  of  takes  does  not  vary  much,  the  influence  of  the 
reaction  that  develops  in  a  local  yaw  seems  to  be  evident,  in 
as  much  as  three  \,  ild  lesions  did  not  produce  a  positive  Was- 
sermann reaction,  while  two  typical  yaws  followed  by  three 
immune  reactions  produced  in  the  animal  a  strong  positive 
Wassermann  reaction. 

The  eight-month  group  confirms  the  finding  made  in  previous 
groups,  that  the  number  of  individual  inoculations  is  a  minor 
factor. 

In  the  nine-month  group  it  can  be  seen  that  the  generalized 
yaws  and  the  local  extensive  yaws  with  regard  to  Wassermann 
reaction  are  similar,  while  of  the  local  yaws  one  of  the  strongest 
reactions  was  found  in  an  animal  (A-2)  that  developed  four 
takes  as  a  consequence  of  six  individual  inoculations.  The  elev- 
en-month group  shows  plainly  that  the  number  of  successive  in- 
fections has  no  effect  and  that  the  number  of  inoculations  is  of 
secondary  consideration  but  the  number  of  takes  significant, 
in  as  much  as  the  animal  that  developed  four  takes  on  eight 
inoculations  at  three  successive  infections  gave  a  triple-plus 
Wassermann  reaction ;  animal  L-4,  upon  one  infection  and  two 
takes  following  two  inoculations,  gave  a  double-plus  Wassermann 
reaction;  while  the  one  (A-3)  that  on  two  infections  and  four 
inoculations  developed  two  takes  showed  a  single-plus  Wasser- 
mann reaction. 

The  findings  can  be  summarized  as  follows : 

Of  the  five  factors  considered,  the  duration  of  the  active 
lesion,  the  local  reaction  of  yaw,  and  the  number  of  the  takes 
are  primary  factors  in  the  strength  of  the  Wassermann  re- 
action in  yaws.  The  number  of  successive  infections  showed  no 
relation  to  the  development  or  strength  of  the  Wassermann 
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reaction,  and  the  number  of  inoculations  seems  to  be  a  secondary 
factor  that  enters  only  when  the  animal  has  previously  had  a 
yaws  lesion. 

The  time  factor  enters,  in  as  much  as  to  a  certain  degree 
the  Wassermann  reaction  becomes  stronger  with  the  increasing 
length  of  duration  of  active  infection. 

The  form  of  yaws  enters,  in  as  much  as  the  stronger  the 
local  reaction  on  the  part  of  the  affected  tissues  the  stronger 
the  Wassermann  reaction;  the  milder  the  local  reaction  the 
weaker  the  Wassermann  reaction. 

The  number  of  takes  has  a  decided  influence  on  the  strength 
of  the  Wassermann  reaction.  The  more  takes  the  stronger  the 
Wassermann  reaction.  The  generalized  yaws,  the  factor  of  re- 
peated crops  being  eliminated,  as  evident  from  this  table,  comes 
under  the  heading  of  number  of  takes.  That  is,  the  repeated 
breaking  out  of  yaws  appears  to  count,  in  as  much  as  the  great 
number  of  individual  skin  lesions  that  take  place  in  generalized 
yaws  influence  the  Wassermann  reaction  in  the  same  way  as  do 
numerous  local  takes. 

The  ulcerative  forms,  the  so-called  "tertiary,"  fall  in  with 
the  mild  local  yaw. 

As  far  as  these  conditions  with  regard  to  Wassermann  reaction 
are  known  in  humans,  our  results  in  experimental  animals  agree 
with  the  findings  in  human  yaws ;  that  is,  the  strongest  Wasser- 
mann reaction  is  usually  found  in  early  generalized  yaws,  while 
the  early  local  or  the  late  so-called  "tertiary"  yaws  give  slightly 
positive  or  negative  reaction.  Three  major  and  one  minor 
factor  are  presented  here  which  are  responsible  for  the  devel- 
opment and  strength  of  the  Wassermann  reaction  in  yaws. 
Our  understanding  of  the  variations  in  the  serologic  findings  in 
frambcssic  patients  in  the  same  stage  of  the  disease  is  hereby 
made  easier. 

Furthermore,  the  observation  of  the  phenomenon  of  reap- 
pearance of  positive  Wassermann  reaction  following  reinocula- 
tion  in  resistant  persons  (12)  who,  having  been  completely  cured 
of  yaws,  fail  to  take,  is  hereby  corroborated  and  amplified  by 
experiments  on  animals. 

THE  INFLUENCE  OF  SUPERINFECTION  UPON   WASSERMANN  REACTION   IN 
EXPERIMENTAL   YAWS 

The  effect  of  superinfection  upon  the  Wassermann  reaction 
in  so  far  as  it  influences  both  the  duration  of  the  yaws  process 
in  experimental  animals  and  the  occurrence  of  various  clinical 
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forms  of  yaws  in  monkeys,  has  been  discussed  in  the  preceding 
paragraphs.  In  Table  9  the  effect  of  superinfection  upon  the 
Wassermann  reaction  is  evident.  The  animals,  having  become 
negative  without  treatment  with  regard  to  the  Wassermann  re- 
action, again  became  positive  within  about  a  month  after  the 
first  superinfection,  and  some  of  them  earlier,  while  those  that 
failed  to  take  on  the  first  inoculation  and  were  reinoculated, 
having  given  persistently  negative  Wassermann,  resulted  in  one 
strong  and  one  weak  Wassermann  (monkey  L-6  and  M-5) .  The 
superinfection  in  these  cases  was  performed  during  the  period 
of  reinoculability  and  was  followed  by  the  development  of  the 
typical  local  lesion.  Therefore,  it  is  not  surprising  that,  upon 
the  occurrence  of  a  new  lesion,  what  might  be  termed  an  arti- 
ficially provoked  recrudescence  of  the  yaws  process,  the  Wasser- 
mann reaction  again  became  positive.  In  Table  9,  however,  the 
results  of  superinfection  in  animals  that  originally  gave  a  posi- 
tive Wassermann  reaction  were  brought  to  a  negative  reaction 
repeatedly  by  treatment,  and  to  a  positive  reaction  by  repeated 
superinfection  following  the  treatment  are  given.  The  inter- 
esting finding  is  that  the  recrudescence  and  the  relapses  of  the 
Wassermann  reaction  following  superinfection  happened  during 
a  period  of  resistance  to  superinfection;  that  is,  the  repeated 
superinoculations  resulted  in  negative  takes,  and  yet  the  Was- 
sermann reaction  became  positive. 

Another  interesting  finding  is  that  during  the  process  of  re- 
peated treatments  and  repeated  reinoculations  the  response  of 
the  body  organism  of  the  experimental  animal,  both  to  treat- 
ment and  to  superinfection,  became  more  and  more  sluggish  with 
the  increase  in  number  of  superinfections.  As  far  as  the  be- 
havior of  the  Wassermann  reaction  during  the  experimental  in- 
fection is  concerned,  the  following  conclusions  can  be  drawn: 

1.  The  Wassermann  reaction  following  an  acute,  uncompli- 
cated, short-lived  initial  local  yaw  is  irregular  and  inconstant, 
and  occurs  about  the  time  when  the  local  lesion  becomes  re- 
cognizable as  a  clinical  yaw. 

2.  The  Wassermann  reaction  is  of  short  duration  and  for  some 
reasons  in  certain  cases  does  not  become  detectable. 

3.  Strong  Wassermann  reactions  begin  to  make  their  appear- 
ance after  the  first  infection  has  lasted  or  has  been  maintained 
for  four  months  or  more.  The  strength  of  the  reaction  depends 
on  the  number  of  experimental  initial  local  yaws  and  on  the 
intensity  and  extent  of  the  local  lesion. 
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4.  Generalized  yaws  give  a  strong  Wassermann  reaction,  such 
as  the  intensive  or  multiple  local  lesion. 

5.  Late  ulcerative  lesions  (gangosa)  give  an  indefinite,  low- 
grade  Wassermann  reaction,  similar  to  the  finding  in  a  feeble 
initial  local  yaw. 

6.  Upon  spontaneous  disappearance  due  to  healing  of  the  local 
yaw  and  following  successful  superinfection  the  Wassermann 
reaction  again  becomes  positive. 

7.  Following  specific  treatment  the  Wassermann  reaction  be- 
comes negative  rather  abruptly  in  a  case  of  experimental  yaws 
of  short  duration,  and  rather  slowly  in  one  of  longer  duration. 

8.  Unsuccessful  superinfection  with  viable  treponemas  per- 
formed in  the  resistant  stage  of  yaws  has  as  a  consequence  a 
reappearance  of  the  Wassermann  reaction.  When  this  process 
of  alternating  infection  and  treatment  is  continued  for  a  long 
period  of  time,  the  promptness  of  disappearance  of  the  Wasser- 
mann reaction  after  treatment  and  its  reappearance  after  rein- 
oculation  are  considerably  decreased,  and  a  stage  is  reached  at 
times  in  which  a  low-grade  Wassermann  reaction  persists  prac- 
tically unchanged  by  either  of  the  two  procedures  mentioned. 

PATHOLOGY  OF  EXPERIMENTAL  YAWS  IN  PHILIPPINE  MONKEYS 

It  is  not  intended  to  present  in  this  section  a  thorough  study 
of  the  pathology  of  experimental  yaws.  It  was  necessary,  how- 
ever, to  study  the  histopathology  of  the  lesions  experimentally 
produced  in  the  infected  animals,  as  a  confirmation  of  our  obser- 
vations and  diagnosis  of  the  clinical  manifestations  of  yaws  in 
experimental  animals. 

The  description  of  the  histopathology  of  the  yaws  lesions  in 
man,  as  given  in  the  literature  by  different  authors,  varies 
somewhat,  apparently  due  to  the  difference  in  the  age  of  the 
lesion  examined.  The  most  concise  summary  of  the  histopa- 
thology of  frambcesia  I  found  in  the  literature  is  that  of  Aldo 
Castellani  and  the  late  Albert  J.  Chalmers.  (5) 

The  striking  features  in  the  histopathology  of  yaws  are — 

1.  The  cellular  infiltration  of  the  epidermis,  which  is  respon- 
sible for  the  fundamental  initial  lesion  of  all  early  yaws  mani- 
festations; that  is,  the  papule. 

2.  The  cellular  infiltration  and  oedema  of  the  cutis,  which  is 
responsible  for  the  elevation  of  the  lesion  above  the  surface  of 
the  surrounding  skin  and  for  the  oozing  of  the  lymph  out  of 
the  lesions  and  the  consequent  formation  of  the  crust. 
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3.  The  thickening  of  the  epidermis  and  the  downgrowth  of 
the  epithelial  cells  into  the  cutis,  which  is  responsible  for  the 
papillomatous  appearance  of  the  early  lesions. 

4.  The  cornification  and  exfoliation  of  the  superficial  layers 
of  the  epidermis. 

5.  The  excess  or  the  lack  of  pigment. 

While  in  the  early  lesions  the  first-mentioned  three  features 
are  predominant,  the  later  frambcesides  mostly  show  the 
thickening  of  the  epidermis,  cornification,  and  exfoliation.  The 
acanthosis  is  about  the  most  constant  phenomenon  in  practically 
all  early  or  late  yaws,  and  is  found  in  lesions,  on  the  margin  at 
least,  of  the  late,  ulcerative  deep  type,  where  the  granulation 
tissue  and  cellular  infiltration  are  the  most-striking  features. 

In  as  much  as  the  pathology  of  early  and  late  yaws  lesions 
has  been  repeatedly  studied  by  various  investigators,  we  shall 
not  go  into  the  details  of  the  description  of  these  lesions.  Some 
glimpses  into  the  histopathology  of  experimental  yaws  are  af- 
forded in  the  attached  plates  and  in  their  respective  explana- 
tions. It  is,  however,  not  out  of  place  to  mention  the  pathology 
of  experimental  gangosa,  as  it  is  believed  that  this  phase  has 
not  been  studied  very  exhaustively.  The  contribution  is  not  an 
exhaustive  report  on  the  histopathology  of  gangosa,  but  several 
new  points  can  be  presented ;  they  are  of  importance  in  the  in- 
terpretation of  the  pathogeny  of  this  peculiar  condition.  It  has 
been  noticed  at  the  clinical  examinations  made  during  the  devel- 
opment and  course  of  experimental  gangosa  that  the  process 
affects  a  very  extensive  area  of  the  mucous  membrane,  far 
greater  than  the  area  which  actually  undergoes  the  real  ulce- 
ration in  any  stage  of  the  development  and  course  of  the  condi- 
tion. This  clinical  observation  on  experimental  gangosa  has 
been  confirmed  at  autopsy  on  gangotic  animals  performed  with 
a  view  of  obtaining  some  information  with  regard  to  the  pa- 
thogeny of  gangosa.  It  was  further  confirmed  by  histopatho- 
logic findings.  These  findings  will  explain  the  considerable  va- 
riation in  topography  of  gangotic  ulceration  in  human  patients 
who  present  themselves  at  a  stage  of  full  development  or  at 
a  more  or  less  advanced  stage  of  this  condition.  The  nose,  the 
soft  palate,  and  the  larynx  have  been  clinically  observed  to 
exhibit  an  ulcerative  process  and,  because  of  the  location  of 
this  ulceration,  these  various  parts  of  the  upper  respiratory 
system  were  claimed  to  be  the  original  seat  of  the  initial  gan- 
gotic lesion.     My  observations  on  experimental  gangosa  led  me 
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to  believe  that  there  are  only  two  ways  in  which  the  gangotic 
process  begins  and,  consequently,  two  forms  of  this  condition 
can  be  observed  in  experimental  animals. 

In  view  of  these  observations  on  animals  the  conclusion  can 
be  drawn  that  gangosa  in  human  patients,  in  whom  the  gradual 
development  could  probably  never  have  been  followed  from  the 
very  beginning  to  the  well-developed  stage,  should  be  divided 
into  two  forms,  the  pathogenesis  of  which  is  similar  to  that  in 
animals.  That  the  early  yaws  lesion  enters  the  nostril  and  the 
nasal  mucous  membrane  has  been  observed  repeatedly,  as  men- 
tioned above.  It  has  also  been  observed  that  the  skin  lesion, 
either  spontaneously  or  due  to  therapy,  disappears  first  while 
the  nasal  lesion  persists.  Histopathologic  study  explains  the 
mode  of  spreading  of  early  yaw  lesions  on  the  mucous  mem- 
brane, not  only  of  the  mucocutaneous  border  (that  is,  onto 
stratified  epithelium),  but  also  on  the  mucous  membrane  covered 
with  high  cubic  or  cylindric  epithelium.  The  early  yaws  lesion 
propagates  itself  in  a  similar  manner  on  the  mucous  mem- 
brane as  it  does  on  the  skin;  that  is,  in  the  most  superficial 
layer  of  the  mucous  membrane  (in  the  epithelium)  which 
gradually  undergoes  necrosis  and,  consequently,  the  mucous 
membrane  becomes  inflamed,  showing  oedema  and  cellular 
infiltration  (Plate  29,  fig.  2).  Not  all  of  the  area  of  the  inner 
lining  of  the  nasal  cavity  affected  necessarily  undergoes  ulce- 
ration, and  it  is  only  in  certain  places  that  offer  favorable  ana- 
tomic conditions  that  the  ulceration  ultimately  develops.  From 
our  experiments  it  is  clearly  evident  that  the  process  may  have 
trespassed,  with  or  without  partial  healing,  a  considerable  area 
of  the  inner  lining  of  the  nose  before  the  allergic  state  of  the 
entire  body,  which  is  responsible  for  the  ulceration,  was  reached. 
It  can  be  easily  understood,  therefore,  that  the  frambcesic  pro- 
cess may  reach  the  soft  palate  and  even  the  larynx  before  the 
allergic  condition  sets  in,  and  then  the  location  of  the  most  in- 
tensive ulceration  is  by  no  means  necessarily  the  initial  lesion 
of  gangosa.  The  ulceration,  therefore,  may  take  place  in  sec- 
tions of  the  upper  respiratory  system,  between  the  nostrils 
throughout  the  nose,  pharynx,  and  larynx.  The  finished  pro- 
duct of  this  process,  which  is  the  ulceration,  may  be  considered 
clinically  far  more  important  than  the  initial  lesion,  and  the 
fact  that  patients  usually  do  not  present  themselves  at  the  cli- 
nic until  this  ulceration  has  been  accomplished  is  responsible 
for  the  faulty  interpretation  of  pathogeny  of  gangosa  as  given 
in  the  past  literature.     It  is  no  more  necessary  that  the  most- 
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advanced  lesion  in  gangosa  is  the  primary  lesion  than  it  is  neces- 
sary to  consider  great  metastases  of  cancer  in  the  liver  as  an 
initial  lesion  and  to  disregard  the  comparatively  smaller  and  at 
first  sight  less-significant  cancerous  ulcer  of  the  pylorus.  The 
second  form  of  gangosa  is  the  late  ulcerative  skin  lesion  located 
in  the  neighborhood  of  the  nose,  which  spreads  by  continuity 
through  the  roof  of  the  nose  (Plate  17,  fig.  1). 

STUDY  OF  IMMUNITY  TO  YAWS,  BASED  ON  EXPERIMENTAL  EVIDENCE 
IN  PHILIPPINE  MONKEYS 

INTRODUCTION 

One  might  judge  the  existence  of  immunity  in  animals  in- 
fected with  yaws,  first,  by  percentage  of  positive  takes  upon 
superinoculation ;  second,  by  duration  of  the  incubation;  third, 
by  duration  of  the  lesion ;  fourth,  by  the  character  of  the  lesion 
that  develops  on  superinoculation  or  reinoculation.  From  the 
records  of  normal  monkeys  inoculated  with  yaws  material  it 
is  evident  that  the  percentage  of  takes,  unless  inoculation  be 
repeated,  may  be  misleading  in  judging  the  immunity,  in  as 
much  as  100  per  cent  of  takes  would  not  always  result  upon 
one  attempt  at  inoculation.  There  are,  furthermore,  certain 
variations  in  the  incubation  period  and  great  differences  in  the 
duration  of  the  lesion  in  the  individual  animals.  This  fact 
cannot  be  explained  as  due  to  differences  in  the  inoculum,  be- 
cause the  same  monkey  inoculated  in  symmetric  places  of  the 
body  with  the  same  amount  of  the  same  inoculum  showed  con- 
siderable variations,  both  in  the  incubation  and  in  the  duration 
of  the  corresponding  lesions.  As  a  general  rule  and  on  the 
average,  the  florid  stage  of  the  lesions  in  soft  parts  of  the  skin, 
such  as  the  scrotum,  lasted  longer  than  that  induced  by  arti- 
ficial inoculations  in  other  parts  of  the  body.  However,  we 
have  repeatedly  seen,  in  monkeys  inoculated  for  the  first  time, 
as  mentioned  before,  that  the  lesion  stopped  and  regressed  in 
any  of  the  stages  of  development  of  the  initial  yaw.  It  follows 
necessarily  that,  no  matter  how  much  they  may  be  influenced 
by  immunity  or  relative  resistance,  neither  the  duration  of  the 
incubation  period  and  of  the  lesion  nor  the  rapid  regression  of 
the  lesion  alone  can  be  safely  taken  as  a  criterion  for  judging 
the  immunity  to  yaws  of  monkeys ;  they  are  uncontrollable  fac- 
tors, from  the  experimental  point  of  view.  The  type  of  the 
lesion,  however,  if  its  character  be  taken  into  consideration,  ap- 
pears to  be  significant  and  is  as  reliable  as  can  be  expected. 
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INTERPRETATION  OP  RESULTS  OF  SUPERINFECTION  IN  YAWS  ANIMALS  AS  A  TEST 

FOR  IMMUNITY 

In  order  to  prevent  the  interference  of  errors  in  inoculation 
due  to  technical  or  other  reasons,  the  following  precautions 
were  adopted. 

Superinoculation  and  reinoculation  of  yaws  animals  were  per- 
formed as  described  in  the  beginning  of  this  paper;  that  is,  by 
intradermal  injection.  In  a  very  few  instances  the  first  attempt 
at  inoculation  resulted  negative  while  a  subsequent  inoculation 
gave  positive  results.  This  happened  a  few  times  in  the  early 
period  of  our  experimentation,  but  not  in  the  latter  part  of  the 
period  over  which  these  experiments  extended.  It  is  quite  pos- 
sible that  the  few  early  failures  were  due  to  imperfect  technic, 
but  there  is  an  indication  of  definite  adaptation  to  the  mon- 
key's organism  of  the  strain  experimented  with,  in  as  much  as, 
after  the  strain  had  been  passed  through  monkeys  for  sixteen 
months,  spontaneous  generalization  after  a  single  inoculation 
occurred.  At  the  time  when  the  bulk  of  the  superinfection  ex- 
periments were  performed,  no  failures  of  takes  were  noticed. 
Nevertheless,  to  assure  myself  that  the  material  used  for  su- 
perinoculation contained  viable  and  infective  treponemas,  at 
least  one  control  (more  frequently  two)  was  inoculated  simul- 
taneously and  with  the  same  material  with  which  a  given  group 
of  yaws  monkeys  had  been  superinfected.  Besides  this  pre- 
caution, and  in  spite  of  the  fact  that  control  normal  animals 
developed  the  typical  yaw,  animals  that  were  superinfected  and 
in  which  the  superinfection  failed  to  take  were  again  subjected 
to  superinoculation  after  a  period  of  one  month  or  more,  which 
time  was  considered  sufficient  for  the  development  of  the  lesion, 
in  view  of  the  fact  that  we  had  previously  found  in  a  series  of 
monkeys  that  the  incubation  period  rarely  exceeded  four  weeks. 
Aside  from  this  double  precaution,  a  safe  criterion  was  used 
for  recording  the  results  of  the  superinoculation  as  negative. 
It  was  noticed  that  immune  animals  superinfected  in  the  early 
part  of  the  resistant  stage  invariably  presented  what  is  re- 
ferred to  in  this  paper  as  specific  swelling.  As  mentioned 
above,  in  the  description  of  the  development  of  the  initial  yaw, 
the  cedematous  swelling  that  persisted  for  twenty-four  hours 
following  the  intradermal  injection  of  not  more  than  0.5  cubic 
centimeter  of  inoculum  disappeared  within  a  day  and  there  was 
a  lull  at  the  place  of  inoculation  for  about  twenty-six  days, 
when  the  lesion  started  to  develop.  The  specific  swelling  which 
may  be  referred  to  as  immune  reaction,  due  to  its  resemblance 
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to  the  positive  luetin  reaction  in  syphilis,  developed  in  immune 
animals  rather  early;  that  is,  within  a  few  days  after  injection 
and  apart  from  the  initial  traumatic  oedema.  Size  and  symp- 
toms increased  rapidly  and  disappeared  quite  as  rapidly.  This 
reaction  as  suggested  by  the  term  here  used,  "specific  swelling," 
consisted  of  noninflammatory  oedema,  so  that  it  could  not  be  in- 
terpreted as  a  reaction  due  to  the  bacteria  admixed  with  the 
inoculum.  Sometimes  slight  necrosis  was  noticed.  Further- 
more, the  normal  control  animals  inoculated  simultaneously  and 
with  the  same  inoculum  did  not  exhibit  such  reaction,  a  fact 
which  further  corroborates  my  contention  that  this  reaction 
was  due  to  Treponema  pertenue  and  not  to  bacteria  present 
in  the  inoculum.  With  this  in  mind  all  of  the  tables  must  be 
interpreted. 

The  appearance  of  late  ulcerative  framboesic  lesions  shows  a 
condition  of  body  organism  having  a  tendency  to  localize  the 
yaws  process  and  to  keep  it  from  further  spreading.  That  this 
is  due  to  the  state  of  the  superinfected  organism  and  not  to 
the  change  in  the  strain  of  the  treponemas  is  shown  by  the  fact 
that  these  lesions  developed  only  in  infected  animals,  while 
fresh,  normal  control  animals,  inoculated  at  the  same  time  with 
the  same  inoculum,  developed  the  typical  initial  yaw.  We  have 
therefore  two  manifestations  of  the  allergic  state  following  re- 
peated successful  inoculation  with  yaws  material.  The  conse- 
quence of  the  first  allergic  state  is  an  extensive  lesion  resembling 
the  initial  yaw  but  far  more  extensive  and  intensive,  containing 
treponemata  in  enormous  numbers  and  followed  by  generalized 
yaws;  the  second  allergic  state  is  responsible  for  the  develop- 
ment of  ulcerative  lesions  such  as  one  meets  with  in  late,  or 
so-called  "tertiary,"  yaws  in  man.  The  last-mentioned  condi- 
tion indicates  an  immunity  which,  while  not  strong  enough  com- 
pletely to  suppress  the  development  of  the  lesion,  localizes  it, 
and  the  tissues  react  by  excessive  granulation;  at  the  same 
time  the  treponemas  are  kept  at  bay. 

From  the  findings  in  superinfected  animals  one  can  recon- 
struct the  pathogenesis  and  immunity  of  yaws  in  man.  The 
description  of  the  incubation  period,  the  course  of  the  initial 
yaw,  the  generalized  yaws,  the  frambcesides,  and  the  late  forms 
in  monkeys  leaves  no  doubt  that,  under  some  circumstances, 
the  disease  runs  the  same  course  in  monkeys  as  it  does  in  man. 
The  primary  yaw  develops  and  runs  the  course  as  described 
above.  Superinfection  in  spontaneous  yaws  of  man  from  with- 
in, in  experimental  animals  from  without,  under  favorable  aller- 
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gic  conditions  of  body  organism,  produces  a  generalization,  and 
crops  of  yaws  appear.  We  have  noticed  that  in  superinfected 
monkeys  extensive,  local  yaws  developed  at  times,  as  a  conse- 
quence of  superinfection,  far  more  extensively  and  intensively 
than  did  the  first  yaws  lesion.  This  seems  to  indicate  clearly 
that  a  state  of  greater  susceptibility  was  the  consequence  of  the 
previous  inoculation  at  the  time  of  the  following  superinfection. 
Indeed,  as  mentioned  before,  this  allergic  state  was  suggested 
by  the  fact  that  local  exacerbations  and  local  metastases  oc- 
curred without  superinfection,  in  one  monkey  inoculated  for  the 
first  time,  that  were  of  greater  intensity  than  the  original  lesion 
(Plate  5,  fig.  1). 

In  other  monkeys  the  result  of  repeated  superinfection  was  a 
development  of  lesions  identical  with  those  encountered  in  hu- 
mans in  the  late  stage  of  yaws ;  that  is,  deep,  ulcerative,  granu- 
lating, slowly  developing  (not  healing)  lesions.  This  again 
indicates  an  allergic  state  of  the  entire  body  in  the  late  period 
of  yaws,  because  the  mutilating  lesion  developed  not  only  at 
the  place  of  superinoculation,  but  also  in  places  remote  from 
the  point  of  superinoculation,  as  an  exacerbation  of  the  vanish- 
ing original  frambcesic  process. 

One  cannot  avoid  the  impression  that  in  generalized  yaws  the 
increasing  immunity  is  responsible  for  the  gradual  restriction 
of  the  successive  early  metastatic  lesions  to  more  and  more 
superficial  layers  of  the  skin;  that  is,  for  the  gradual  change 
from  crops  of  typical  yaws  to  crops  of  superficial,  evanescent, 
early  framboesides.  This  impression  is  supported  by  the  fact 
that  yaws  monkeys  cannot  be  superinfected  when  the  cropping 
out  of  yaws  has  ceased,  although  the  general  manifestations 
of  yaws  present  at  the  time  of  superinoculation  may  last  a 
considerable  time  after  the  unsuccessful  superinoculation. 

From  the  observations  made  on  the  development  of  the  re- 
sistance to  superinoculation  and  reinoculation  as  well  as  on  the 
healing  of  the  lesions  in  monkeys,  one  can  draw  certain  con- 
clusions with  regard  to  the  mechanism  of  the  immunity  to  yaws. 

Even  though  it  may  be  possible  to  produce  immune  sera  by 
artificial  immunization  of  laboratory  animals  with  Treponema 
pertenue,  there  is  no  evidence  of  humoral  immunity  to  yaws 
in  man  or  in  monkeys. 

Against  humoral  immunity  being  responsible  for  the  resis- 
tance to  superinfection  speaks,  first  of  all,  the  common  obser- 
vation that  monkeys  become  resistant  to  superinoculation  long 
before  the  already  existing  early  lesions  heal.    These  lesions 
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are  not  secluded  from  the  general  system  of  circulation  of  the 
blood  and  the  lymph,  as  the  profuse  oozing  and  the  bleeding 
of  their  surfaces  clearly  indicate. 

In  not  less  than  six  instances  we  failed  to  observe  any  effect 
whatsoever  upon  the  yaws  lesions  of  animals  during  the  sus- 
ceptible stage  of  a  direct  injection  into  the  lesions  of  blood  se- 
rum collected  from  resistant  monkeys  that  had  gone  through 
a  generalized  yaws  infection.  This  confirms  the  observation  of 
Sellards  and  Goodpasture  (29)  made  on  human  yaws. 

When  superinfections  are  continued  on  the  same  animals, 
sooner  or  later  a  stage  is  reached  in  which  the  inoculated  trepo- 
nemas,  although  proved  to  be  virulent  and  viable  in  normal 
control  animals,  fail  to  produce  lesions  recognizable  as  yaws. 
The  state  of  nonreactivity  on  the  part  of  the  body  organism 
toward  incorporation  of  Treponema  pertenue  was  more  nearly 
complete  and  was  reached  much  more  suddenly  in  those  animals 
that  went  through  generalized  early  yaws  than  was  the  case 
with  the  animals  that  upon  superinfection  developed  deep  ul- 
cerative lesions  or  a  local  yaw  only. 

The  development  of  complete  and  protective  immunity  is  very 
slow,  however,  and  the  fact  that  frambcesides  or  late  lesions 
develop  is  a  sign  of  partial  immunity,  in  the  broad  sense  of 
the  word.  Consequently,  the  difference  in  susceptibility  to 
generalized  or  late  ulcerative  yaws  of  the  human  organism  and 
that  of  monkeys  lies  in  the  quickness  and  promptness  with 
which  the  human  body  organism  responds  to  the  infection  by 
one  or  the  other  of  the  two  allergic  conditions.  The  monkey's 
body  organism  is  more  sluggish  in  this  respect,  but  can  be  stimu- 
lated by  artificial  superinfection. 

With  regard  to  the  results  of  superinfection  three  types  of 
conditions  were  observed,  namely: 

Type  A. — Animals  inoculated  for  the  first  time  developed  typi- 
cal, initial,  local  yaw  which  ran  its  course  without  exacerba- 
tions and  healed  in  a  relatively  short  time.  The  second  and 
even  the  following  inoculations  of  the  same  animals  resulted 
in  the  development  of  a  lesion  identical  with  that  upon  first 
inoculation  or  with  that  in  inoculated  normal  control  animals. 
Continued  superinfections-  produced  local  yaws  lesions  of  mild 
degree  and,  ultimately,  only  a  specific  swelling  which  rapidly 
disappeared,  or  no  lesion  at  all.  Control  animals  inoculated  at 
the  same  time  with  the  same  inoculum  gave  typical  takes. 

Type  B. — Animals  inoculated  for  the  first  time  developed  typi- 
cal  initial   local   yaw,   which   ran   its   course  without  exacer- 
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bation.  About  the  time  when  this  lesion  was  vanishing  and  on 
the  verge  of  healing  the  superinoculation  was  made.  The  second 
inoculation  resulted  in  a  lesion  identical  in  character  with  le- 
sions obtained  in  normal  control  animals,  but  was  far  more 
extensive  and  intensive.  In  the  case  of  spontaneous  generali- 
zation of  local  experimental  yaw,  an  extensive  local  exacerbation 
took  the  place  of  superinoculation.  A  general  eruption  of  typi- 
cal metastatic  yaws  of  early  evanescent  frambcesides  and  late 
persistent  frambcesides  followed  in  these  animals.  When  crops 
of  general  yaws  lesions  no  longer  occurred,  repeated  inoculations 
were  made  which  resulted  in  a  specific  swelling  at  the  point 
of  injection,  topped  with  a  noncharacteristic  scab,  or  no  lesion 
at  all.  No  treponemas  were  found  in  the  last-mentioned  lesions. 
Normal  control  animals  inoculated  at  the  same  time  with  the 
same  material  developed  typical  initial  local  yaw. 

Type  C. — Animals  in  which  inoculation  resulted  in  local  le- 
sions of  long  standing  with  occasional  mild  local  exacerbation, 
and  in  which  the  yaws  process  was  further  kept  alive  by  re- 
peated superinoculation,  did  not  develop  generalized  metastatic 
eruptions  of  typical  early  yaws  or  early  frambcesides,  but  de- 
veloped in  due  time  late  persistent  frambcesides  (keratoderma 
plantare),  gave  repeatedly  positive  though  not  typical  takes,  and 
sooner  or  later  the  inoculation  resulted  in  a  deep  ulcerative 
lesion,  slowly  spreading,  not  healing  while  active,  and  when 
healing  took  place  it  was  from  the  periphery  of  the  lesion.  Very 
few  treponemas  were  found  in  these  lesions.  Some  of  these 
animals  developed  gangosa  as  a  result  of  such  lesion  in  the 
vicinity  of  the  nose,  while  others  developed  gangosa  from  a 
residual  lesion  inside  of  the  nose  upon  reinoculation  on  the 
eyebrows.  These  animals  while  the  ulcerative  process  was  still 
progressing  took  repeatedly,  but  when  the  process  was  arrested 
the  superinoculation  resulted  in  a  feeble  lesion  or  specific  swelling 
of  short  duration,  or  no  lesion  at  all,  in  spite  of  the  fact  that 
control  animals  inoculated  at  the  same  time  with  the  same  ma- 
terial developed  a  typical  initial  yaw. 

From  Table  10,  showing  the  gradual  development  of  immu- 
nity as  demonstrated  by  superinfection,  it  can  be  seen  that 
yaws  monkeys  in  which  the  local  framboesic  process  lasted  five 
months  or  less  took  invariably,  showing  a  typical  initial  yaw 
upon  superinfection.  In  animals  in  which  the  local  process 
remained  alive  seven  months  or  more  the  results  of  superin- 
oculation were  invariably  negative;  that  is,  a  specific  swelling 
developed  which  disappeared  rapidly,  or  no  lesion  at  all. 
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Comparing  the  results  of  repeated  superinfections  (Table  10) 
with  the  results  of  one  superinfection  on  one  hand  and  with 
the  results  of  superinoculation  in  generalized  yaws  on  the  other, 
it  can  be  seen  that  the  repeated  superinfection  has  no  apparent 
effect  on  the  early  development  of  immunity.  The  generali- 
zation of  yaws  (Table  11),  however,  distinctly  hastens  the  de- 
velopment of  resistance  to  superinoculation.  In  the  animals, 
however,  that  developed  late  ulcerative  lesions  the  development 
of  complete  immunity  was  greatly  delayed  (Table  12). 

The  fact  that  immunity  in  experimental  yaws  begins  to  be 
noticeable  in  the  sixth  month  after  inoculation  and  the  fifth 

Table  10. — Showing  the  development  of  immunity  in  yaws-infected  Phil- 

ippine  monkeys. 

[ — ,  negative  take;  -K  positive  take;  ±,  feeble  take.] 
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month  after  development  of  the  initial  yaw  is  further  brought 
out  by  the  observation  that  generalization  of  the  yaws  process, 
either  spontaneous  or  induced  by  superinfection,  has  invariably 
occurred  from  the  third  to  the  fifth  month,  after  initial  inocu- 
lation, never  later.  Thus  the  findings  made  on  superinocula- 
tions  are  supported  by  the  observations  made  on  those  animals 
in  which  general  manifestation  of  yaws  took  place. 

In  connection  with  the  late  ulcerative  type  of  lesion  the  find- 
ings are  significant.  Once  the  ulcerative  lesion  has  developed 
and  persisted  for  some  time,  the  following  superinfection  still 
results  in  a  lesion,  recognizable  as  a  yaw,  in  which  treponemas 
can  be  found.  We  have  designated  this  lesion  as  feeble,  for  the 
reason  that  its  appearance  was  not  that  of  typical  initial  yaw, 
although  oozing  and  crust  forming  occurred.  It  always  was 
a  short-lived  lesion  that  did  not  spread  so  rapidly  and  exten- 
sively as  is  usual  with  the  initial  local  yaw,  and  was  charac- 
teristic because  of  the  extreme  swelling  surrounding  the  lesion. 
On  the  other  hand,  it  did  not  show  the  character  of  an  ulcerative 
lesion.  This  seems  to  indicate  that  after  the  ulcerative  lesion 
had  persisted  for  some  time  immunity  has  developed  to  a  higher 
degree  and  an  ulcerative  lesion  did  not  result  so  completely 
typical  as  the  one  already  existing.  In  other  words,  the  period 
during  which  ulcerative  forms  of  yaws  spring  up  is  limited, 
and  is  shorter  than  the  duration  of  the  existing  ulcerative 
lesions. 

The  protective  immunity  in  any  persistent  form  of  yaws 
toward  new  superinfection  rises  more  quickly  and  to  a  higher 
degree  than  the  body's  power  with  regard  to  the  healing  of 
the  existing  lesions  and,  to  a  certain  degree,  independently 
of  it.  It  was  observed  that  in  the  case  of  an  ulcerative  lesion 
the  feeble  lesion  that  developed  as  the  result  of  subsequent 
superinfection  showed  far  more  rapid  healing  than  did  the 
existing  ulcerative  lesion  itself.  Metastatic  lesions  of  general- 
ized yaws  may  persist  and  harbor  viable  treponemas  months 
after  the  animal  becomes  completely  resistant  to  superinfection. 
On  the  other  hand,  an  initial  local  yaw  heals  at  a  time  when 
the  animal  is  still  fully  susceptible  to  superinfection. 

These  findings  are  significant,  in  as  much  as  they  show 
that  the  difference  with  regard  to  immunity  between  the  local 
yaw  and  generalized  early  yaws  is  quantitative.  If  the  local 
initial  yaw  persists  for  a  long  time,  or  if  repeated  development 
of  successive  initial  yaws  is  experimentally  induced,  immunity 
after  a  long  period  of  time  develops  as  complete  as  is  possible 
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in  framboesia.  If  the  initial  yaw  is  followed  either  by  local 
yaw  due  to  superinfection  which  develops  into  an  extensive 
and  intensive  local  lesion  or  by  extensive  spontaneous  local 
exacerbation,  the  natural  resistance  of  the  body  of  the  animal 
to  generalization  of  yaws  is  lowered.  Within  a  month  or  so 
after  this  allergic  phenomenon  the  first  crop  of  generalized 
yaws  occurs.  Without  further  superinfection  this  first  crop 
of  typical  yaws  may  be  followed  by  a  second,  a  third,  and 
even  a  fourth  crop  of  specific  efflorescences ;  but  in  the  last  crops 
superficial  frambcesides  are  usually  admixed  with  the  eruption 
of  typical  yaws,  and  the  ultimate  crop,  or  even  the  penultimate 
one,  may  be  composed  exclusively  of  superficial  evanescent  fram- 
bcesides. By  this  time  the  immunity  had  developed  to  such  a 
degree  that  upon  superinfection  neither  typical  or  mild  yaw 
nor  late  ulcerative  lesions  developed.  In  other  words,  animals 
that  have  gone  through  repeated  crops  of  generalized  early  yaws 
manifestations  did  not  develop  late  ulcerative,  so-called  "ter- 
tiary" lesions,  but  were  at  the  end  of  the  generalized  dissemi- 
nation immediately  as  completely  immune  as  is  possible  in 
framboesia.  The  superinoculation,  which  was  well  controlled 
and  checked  up  by  simultaneous  inoculation  of  normal  animals, 
resulted  in  nonspecific  (edematous  swelling,  possibly  with  a 
slight  superficial  necrosis,  or  no  lesion  at  all.  The  resistance 
to  superinoculation  set  in  as  soon  as  the  metastatic  yaws 
ceased  to  crop  out,  but  long  before  the  last  remnants  of  general- 
ized manifestation  had  healed,  and  a  considerable  time  before 
treponemas  had  disappeared  from  these  lesions. 

In  order  to  place  the  findings  recorded  in  our  study  of  immu- 
nity to  yaws  in  a  system  two  kinds  of  protective  immunity  in 
yaws,  apart  from  healing,  must  be  assumed ;  one  is  the  lytic  and 
the  other  is  the  neutralizing  immunity.  The  first  type  of  resis- 
tance in  monkeys  (type  A)  shows  slow  development  and  both 
immunities  (that  is,  the  lytic  and  the  neutralizing)  develop 
and  run  together  as  a  single  line.  In  other  cases  (type  C)  the 
two  kinds  of  immunity  do  not  run  parallel,  but  the  lytic  immu- 
nity develops  to  a  higher  degree  than  does  the  neutralizing 
one.  Consequently,  deep  ulcerative  lesions  developed,  because 
the  majority  of  the  treponemas  have  been  dissolved  and  their 
toxic  substances  liberated,  but  the  body  tissues  are  not  able  to 
neutralize  these  toxic  substances  and  react,  either  locally  with 
excessive  granulation  or  in  remote  places  by  excessive  hyper- 
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keratosis.  This  theoretical  system  forces  itself  on  one's  mind 
because  of  the  great  similarity  of  the  immunity  in  yaws  to  that 
in  vaccine  virus. 

The  healing  of  a  yaws  lesion  is  staged  locally  within  the 
lesion  itself,  and  in  the  surrounding  tissues  in  such  a  manner 
that  the  deeper  layers  of  the  affected  skin  heal  first  and  the 
healing  process  progresses  toward  the  surface  of  the  skin. 
In  consequence  of  this  the  transformation  of  the  typical  yaw 
into  the  fourth,  fifth,  and  sixth  stages  of  the  local  yaw  is  ac- 
complished, and  lesions  result  that  may  be  designated  as  local 
or  regional  frambcesides. 

If  the  throwing  off  into  the  blood  stream  of  the  treponemas 
from  the  mother  yaw  takes  place  at  a  time  when  the  resistance 
of  the  skin  tissues  has  developed  to  a  certain  degree  but  not 
to  the  full  intensity,  the  treponemas  localize  in  the  epidermal 
layer  of  the  skin,  as  is  their  nature,  but  do  not  multiply  as 
extensively  as  they  do  in  a  fully  susceptible  skin.  Consequent 
upon  the  resistance  of  the  skin  tissue  they  are  barred  from  the 
deeper  layers  of  the  cutis  and  the  lesion  remains  restricted  to 
the  superficial  parts  of  the  skin.  The  result  is  the  appearance 
of  metastatic,  otherwise  generalized  framboesides. 

The  observation  made  in  the  course  of  our  experimentation 
that  inflammation  and  pus  formation  at  the  place  of  inoculation 
prevent  or  delay  the  development  of  yaws  lesions  points  to 
the  important  part  which  leucocytes  play  in  the  destruction  of 
treponemas.  An  extensive  disintegration  of  the  leucocytes  was 
noted  by  Goodpasture  (8)  to  take  place  in  yaws  lesions  healing 
as  a  consequence  of  neosalvarsan  theraphy.  It  can  be  easily 
suspected  that  this  phenomenon  helps  in  the  destruction  of  the 
treponemas  in  the  lesion. 

Everything  points  to  the  conclusion  that  not  humoral  but 
cellular  immunity  is  responsible  both  for  the  resistance  to 
superinfection  and  for  the  healing  of  the  existing  lesions,  and 
that  the  leucocytes  play  an  important  part  in  the  healing  of  the 
lesions.  The  healing  is  independent  of  the  resistance  to  super- 
infection or  reinfection,  or  else  a  local  yaw  could  not  heal  in  the 
stage  of  infection  when  the  animal  is  susceptible  to  superin- 
fection, even  at  the  very  same  place  in  the  skin  where  the  yaw 
has  healed.  Likewise,  the  fully  developed  resistance  to  super- 
infection has  no  immediate  effect  upon  the  healing  of  the  existing 

282908- 6 


290  The  Philippine  Journal  of  Science  i?>2s 

early  yaws  lesion  or  on  the  disappearance  of  the  treponemas 
present  therein. 

CONCLUSIONS 

The  second  of  the  three  problems  set  forth  in  the  introduction 
finds  its  solution  in  the  following  summary. 

Immunity  to  yaws  in  Philippine  monkeys  exists.  It  presents 
itself  in  the  following  ways :  First,  as  resistance  to  superinocu- 
lation ;  second,  as  resistance  to  generalization  of  the  yaws  proc- 
ess; third,  as  a  modification  of  the  yaws  lesions,  both  local 
and  generalized. 

The  resistance  to  superinoculation  is  slow  in  development  in 
a  case  of  persistent  local  yaw. 

The  resistance  to  superinoculation  develops  much  more  rapidly 
as  a  consequence  of  generalized  manifestations  of  yaws  than  it 
does  following  local  yaws. 

The  generalization,  either  spontaneous  or  due  to  superinocu- 
lation, takes  place  upon  superinfection  performed  not  later  than 
five  months  after  the  original  inoculation  and  not  sooner  than 
three  months. 

The  resistance  to  superinoculation  is  not  noticeable  until 
from  six  to  seven  months  after  the  original  inoculation  in  case 
of  the  local  yaw,  and  immediately  upon  termination  of  the  crop- 
ping out  of  the  generalized  yaws  in  cases  of  metastatic  yaws. 

In  case  of  ulcerative  lesions  the  resistance  to  superinoculation 
is  much  delayed. 

The  resistance  to  superinoculation  lasts  at  least  three  years. 

As  a  phenomenon  of  immunity,  in  the  broad  sense  of  the 
word,  two  allergic  states  exist;  namely,  one  which  has  the 
character  of  a  negative  phase  or  a  higher  susceptibility  to  super- 
inoculation or  susceptibility  to  excessive  local  exacerbations. 
This  condition  may  be  followed  by  general  clinical  manifestations 
of  yaws;  the  second  allergic  state  is  of  the  character  of  an 
anaphylactic  condition  in  which  the  body  tissues  react  to  super- 
inoculation by  excessive  granulation  and  ulceration  at  the  place 
of  inoculation  or  at  the  place  of  the  residual  local  yaw,  and  by 
hypertrophic  or  atrophic  skin  lesions  in  places  remote  from  the 
point  of  inoculation. 

The  resistance  to  superinoculation  is  developed  at  the  time 
when  yaws  manifestations  still  persist  in   the  form   of  local 
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yaw,  metastatic  yaw,  frambcesides,  or  ulcerative  lesions,  and 
when  they  still  contain  viable  treponemas. 

Complete  healing  of  local  yaws  lesions  does  not  necessarily 
mean  the  onset  of  resistance  to  superinfection,  or  vice  versa. 

Evanescent  early  and  later  persistent  frambcesides,  as  well 
as  ulcerative  lesions,  are  signs  of  partial  immunity. 

reinfection:  immunity  after  treatment 

Having  established  the  fundamental  points  concerning  im- 
munity as  it  developed  in  Philippine  monkeys  in  consequence 
of  the  various  clinical  forms  of  yaws  manifestations,  we  pro- 
ceeded to  the  solution  of  the  third  problem,  as  indicated  in  the 
introduction;  that  is,  to  the  question  whether  the  resistance  of 
the  yaws-infected  monkeys  lasts  only  during  the  stage  of  in- 
fection or  whether  it  persists  after  a  thorough  specific  treatment. 

(a).  The  influence  upon  immunity  to  yaws  of  treatment  given 
in  the  resistant  stage  of  yaws  infection  in  Philippine  monkeys. — 
The  arrangement  of  the  experiments  that  fall  in  this  section 
of  investigation  was  as  follows:  Animals  that  developed  local 
yaw,  which  either  persisted  spontaneously  or  was  kept  alive 
by  successive  superinoculations  until  such  time  as  the  animals 
would  no  longer  take  but  developed  only  specific  swelling  of 
various  degrees  or  no  lesion  at  all  as  a  consequence  of  super- 
inoculations,  were  given  intramuscular  injections  of  neosalvar- 
san.  After  the  treatment  with  neosalvarsan  the  animals  were 
reinoculated  with  yaws. 

A  similar  procedure  was  adopted  in  the  case  of  monkeys 
that  had  gone  through  generalized  yaws  and  upon  superinocu- 
lation  proved  to  be  resistant. 

(&).  The  influence  upon  immunity  of  treatment  given  during 
the  susceptible  stage  of  yaws  in  Philippine  monkeys. — In  another 
series  of  experiments  the  effect  of  the  specific  treatment  upon 
reinoculability  was  tested  when  given  during  the  early  stage  of 
the  infection;  that  is,  during  the  susceptible  stage.  Treatment 
was  given  in  these  cases  at  intervals  varying  from  two  to 
seven  months  after  the  original  successful  inoculation.  Rein- 
oculation  was  performed  not  less  than  seven  months  after  the 
initial  inoculation;  that  is,  a  period  of  time  was  allowed  to 
elapse   after  the   initial   inoculation,   which   in   animals   with 
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infection  uninterrupted  by  treatment  was  found  sufficiently 
long  to  bring  about  resistance  to  superinoculation.  The  treat- 
ment was  given  intramuscularly  at  the  intervals  indicated  in 
the  protocols.  Complete  sterilization  by  "dosis  sterilisans 
m#gna"  was  not  attempted  in  these  experiments,  but  the  total 
dosis  administered  by  repeated  injections  reached  or  exceeded  the 
amount  of  0.01  gram  of  neosalvarsan  per  kilogram  of  body 
weight  This  arrangement  of  the  treatment  was  adopted  owing 
to  the  high  toxicity  of  arsenic  to  our  experimental  animals. 
The  total  amount  of  the  drug  given  to  our  experimental  animals, 
therefore,  exceeded  slightly  the  amounts  known  by  clinical  ex- 
perience to  be  sufficient  to  bring  about  complete  cure  of  early 
cases  of  human  yaws. 

As  the  result  of  the  treatment  whatever  remnants  of  specific 
lesions  may  have  been  present  in  these  animals  from  previous 
inoculation  completely  disappeared  after  one  or  two  injections 
of  neosalvarsan.  This  was  true,  not  only  of  the  specific  fram- 
bcesic lesions,  but  also  of  the  nonspecific  manifestations,  such 
as  alopecia.  It  was  noticed  that  following  the  treatment  (as 
a  matter  of  fact,  before  the  entire  treatment  was  accomplished) 
the  hair  in  places  where  alopecia  had  set  in  began  to  grow  and 
the  animals  gradually  assumed  a  normal  appearance.  They 
seemed  stronger  and  livelier  than  before  treatment.  The  sero- 
logical examinations  that  gave  positive  results  before  treatment 
were  repeated  and  found  negative.  It  is  believed  that  all  the 
precautions  within  man's  power  were  taken,  and  the  animals 
were  considered  cured.  This  assumption  was  furthermore 
strengthened  by  the  experience  accumulated  during  these  investi- 
gations that  monkeys  are  less  susceptible  to  generalization  of 
yaws  than  are  humans;  and  that  the  frambcesic  process  left 
untreated,  either  local  or  generalized,  lasts  in  the  monkeys  a  far 
shorter  time  than  in  man  and  heals  spontaneously  much  more 
quickly.  It  was  concluded,  therefore,  that  framboesia  will  be 
even  more  amenable  to  the  specific  treatment  in  monkeys  than 
in  man;  particularly  in  view  of  the  observations  made  with 
regard  to  healing  of  late  ulcerative  lesions  and  late  persistent 
frambcesides,  which  lesions  healed  in  a  comparatively  short 
time  following  a  single  injection  of  neosalvarsan.  It  is  a  well- 
known  fact  that  late  frambcesic  lesions  in  man  do  not  respond 
to  specific  treatment  with  such  great  rapidity  as  the  early  lesions 
do. 
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Table   13. — Showing  the  results  of  reinoculation  of  Philippine  monkeys 
after  treatment  given  during   the  resistant   stage   of  yaws.* 

[Tr,  treatment;  — ,  negative  take.] 


Monkey  No. 

Months  after  original  inoculation. 

7 

tr 
tr 
tr 
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— 
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tr 

tr 

— 

- 

— 

D  9 

H-16-b 

B  2 
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tr 
tr 
tr 
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tr 
tr 

— 

A-3 

— 

... 

— 

L-4 

.... 

— 

A-2 

— 

----- 

- 

— 

1 

D-8 

1 

i 

— 

1 

1 

a  Results   of  inoculations  performed  on  these  animals  previous  to  the  seventh  month 
can  be  found  in  schematic  protocols. 
b  Generalized  yaws. 

Table  14. — Showing  the  results  of  reinoculation  of  yaws  monkeys,  treated 
in  the  susceptible  stage  of  infection. 

[Tr,  treatment;  +»  positive  take;  — ,  negative  take.] 


Designation  of  monkey. 

! 
Period  of  treatment  and  reinoculation,  in  months.  ; 

! 

1      1      2 

1.. ! 

3 

4 

5 

6 

7 
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E  17 

tr 

1 

tr 
tr 



T10                                             -       -- 

tr 
tr 

M-4 -- 

T-4                                           . 

tr 
tr 

B-4 

j_13                                            

tr 
tr 
tr 
tr 
tr 
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— 

__ 

L-6                                  —  -     -   -- 

j     _ 

L-5                    - 

tr      L !     -      ' 

1 

From  Tables  13  and  14  the  following  conclusions  can  be  drawn : 

When  treatment  was  commenced  during  the  first  or  the  second 

month    (after  the  original  inoculation)    the  animal  remained 
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susceptible  to  reinoculation  and  developed  local  yaw  when  inoc- 
ulated seven  months  after  the  original  inoculation.  The  rest  of 
the  animals  that  received  treatment  later  than  the  third  month 
could  not  be  reinoculated  in  the  seventh  month  after  the  original 
inoculation. 

Naturally,  as  already  mentioned,  the  infection  was  not  ter- 
minated by  the  first  injection  of  neosalvarsan  and  the  immuniza- 
tion process  evidently  continued  for  some  time  after  the  initial 
therapeutic  injection.  It  took  one  week  or  more  before  the 
lesions  completely  disappeared. 

Summarizing  the  events  of  experimental  infection,  superin- 
fection, and  reinfection  in  monkeys  as  far  as  concerns  this  study 
of  immunity,  we  see  that  the  original  inoculation  is  followed  by 
a  long  incubation,  during  which  time  no  signs  of  local  reaction 
or  of  serologic  changes  are  noticeable.  Following  the  incubation 
a  lesion  begins  to  develop  in  the  form  of  a  papule  located  in 
the  most  superficial  layer  of  the  skin  (Plate  28,  fig.  1)  and 
containing  so  few  treponemas  that,  as  experience  taught  us, 
scraping  the  lesion  at  this  period  in  a  search  for  treponemas 
revealed  these,  but  the  progress  of  the  lesion  was  thereby  stopped 
and  the  infection  terminated.  In  the  early  stage  of  development 
the  yaw  remains  superficial,  the  treponemas  multiply  slowly,  and 
the  Wassermann  reaction  is  indefinite  or  slightly  positive. 
Specific  treatment  given  at  this  stage  will  leave  the  animal 
reinoculable. 

From  the  third  to  the  fifth  month  the  infection  gains  the 
upper  hand.  The  yaws  process  has  reached  the  deeper  layers 
of  the  skin  (Plate  28,  fig.  2)  and  the  treponemas  have  multi- 
plied considerably.  The  Wassermann  reaction  becomes  stronger 
the  nearer  the  infection  approaches  the  fifth  month.  Local  exa- 
cerbations take  place  during  this  period,  assume  at  times  an 
unusual  extent  and  intensity  (Plate  3),  and  contain  enormous 
numbers  of  treponemas.  Generalization  of  the  yaws  process 
takes  place  between  the  third  and  the  fifth  month.  Then 
gradually,  even  though  rather  suddenly,  the  full  resistance  to 
superinfection  appears.  It  is  heralded  sometimes  by  a  feeble 
lesion  upon  superinfection  in  case  of  local  yaw,  and  by  appear- 
ance of  frambcesides  in  case  of  generalized  yaws. 

If  our  supposition  that  the  late  penetration  of  the  treponemas 
into  the  deep  tissues  of  the  skin  is  responsible  for  the  delay 
in  the  development  of  immunity  is  true,  then  it  must  be  possible 
not  only  that  susceptible  animals  can  be  immunized  by  sub- 
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cutaneous  infection  without  development  of  yaws,  but  also  that 
the  immunity  conveyed  in  this  manner  should  develop  much 
more  quickly  than  it  does  following  development  of  a  local 
yaw  and  about  as  rapidly  as  does  that  following  a  generalized 
yaws  eruption.  The  experiment  discussed  in  the  following  para- 
graph proves  this  contention.     (See  Table  15.) 

Table  15. — Showing  results  of  subcutaneous  immunization  without  yaws 

skin  manifestation. 


[  -f,  positive  take;  — ,  negative  take;  +  +  - 
Wassermann 

h,  st 
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rong  Wassermann  reaction; 
:tion ;    0,    not    done.] 

+  +  +  + 
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Subcutaneous  injection  of  yaws  material. 

Monkey  No. 
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do 

do 

0 

0 
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Intradermal  infection  with 
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D-13 -                     .  
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do.     _. 

1  week. 
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0 
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+  +  +  + 

0 

0 

D-12 

+ 
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do  . 

Normal  control 

VI-4-27 
111-15-27 

0 
0 

Do 

Three  monkeys  received,  within  five  weeks,  four  subcutaneous 
injections  of  yaws  material  containing  numerous  treponemas. 
No  lesions  developed  at  the  place  of  the  subcutaneous  injection, 
but  a  local  swelling  did  appear.  Following  this  process  of  im- 
munization one  of  the  three  animals  was  infected  intradermally 
with  yaws  one  week  after  the  last  injection  and  six  weeks  after 
the  first  subcutaneous  injection.  In  due  time  this  monkey 
developed  a  typical  yaw,  showing  that  the  animal  was  still  sus- 
ceptible at  the  time  of  inoculation.  The  other  two  animals 
were  infected  in  a  similar  way  four  months  after  the  first  sub- 
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cutaneous  injection  and  three  months  after  the  last  subcuta- 
neous injection.  They  failed  to  develop  a  local  yaw  or  any 
other  signs  of  yaws  infection,  even  though  the  same  material 
when  used  for  intradermal  infection  of  a  normal  control  animal 
brought  about  the  development  of  typical  yaws. 

Direct  conclusions  can  be  drawn  from  this  experiment;  that 
is,  that  immunity  develops  as  a  result  of  subcutaneous  inocu- 
lation without  clinical  development  of  yaws,  and  that  the  time  of 
development  of  immunity  is  shortened.  It  develops  later  than 
six  weeks  and  earlier  than  four  months  after  the  initial  subcu- 
taneous injection  of  yaws  material.  It  is  interesting  to  note 
that  the  animals  gave  a  rather  strong  Wassermann  reaction 
without  ever  showing  any  sign  of  clinical  yaws  at  all. 

Evidence  seems  to  be  afforded  in  this  experiment  that  our 
contention  expressed  previously  is  correct;  that  is,  that  during 
the  first  two  months  or  so  no  immunity  develops  as  a  conse- 
quence of  intradermal  inoculation  and  that  the  immunity  begins 
to  develop  at  the  end  of  the  second  month  and  in  the  third, 
fourth,  and  fifth  months,  when  the  yaws  have  reached  the 
deeper  layers  of  the  skin.  By  the  arrangement  adopted  in  this 
experiment  we  turned  aside  the  period  of  incubation  and  the 
period  during  which  the  yaws  remain  superficial  and  placed 
the  experimental  animals  right  in  the  third  or  fourth  month 
of  the  yaws  process  with  regard  to  immunity.  Once  the  fact 
has  been  established  that  immunization  to  yaws  can  be  carried 
out  by  subcutaneous  inoculation  without  production  of  a  yaw, 
which  process  may  be  called  a  paradermal  immunization,  there 
evolve  further  problems  with  which,  however,  we  are  not  con- 
cerned at  present. 

One  is  naturally  tempted  to  draw  far-reaching  conclusions, 
and  further  interesting  investigations  are  suggested.  This 
finding  gives  food  for  thought.  The  question  may  be  asked: 
Is  it  advisable  in  treponematous  infections  to  terminate  the 
infection  in  the  early  stage  by  abortive  treatment,  or  is  it 
preferable  and  in  the  interest  of  the  individual  affected  to  allow 
the  body  to  reach  that  stage  of  infection  which  still  is  curable 
but  leaves  the  individual  in  a  condition  of  resistance  to  further 
infection  and  to  late  manifestations? 

Is  it  possible  to  crowd  within  the  short  time  of  the  incubation 
of  general  dissemination  of  yaws  a  sufficient  number  of  subcu- 
taneous injections  without  the  production  of  the  clinical  lesion 
that  would  prevent  the  eruption  of  general  clinical  manifesta- 
tions due  to  the  immunization  process  itself?    In  other  words, 
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will  it  ever  be  possible  to  work  out  a  method  of  immunization 
against  treponematous  infections  similar  to  that  in  use  for 
immunization  against  rabies,  during  the  incubation  period? 

These  are,  of  course,  suggestions  that  necessarily  occur,  and 
much  experimentation  will  be  necessary  before  any  answer 
can  be  given.  Fortunately,  we  possess  in  the  monkey  an  ex- 
cellent experimental  animal,  so  there  should  be  no  great  diffi- 
culty in  working  out  this  problem  on  animals. 

LATENT  INFECTION  AND  FRAMBCESIC  LYMPHADENITIS  u 

By  latent  infection  we  mean  that  stage  of  treponematous 
infection  when  the  clinical  manifestations  and  other  symptoms 
have  disappeared,  either  spontaneously  or  as  the  result  of  treat- 
ment, but  the  treponemas  have  survived  within  the  tissues  of 
the  body  and  again  produced  later,  after  a  period  of  latency, 
clinical  manifestations  and  symptoms.  It  is  in  this  sense  that 
the  term  latent  infection  is  to  be  interpreted  in  this  section  of 
our  experimental  work. 

In  order  to  ascertain  whether  or  not  such  condition  as  defined 
above  exists  in  experimental  yaws  we  proceeded  in  two  direc- 
tions : 

First,  we  watched  for  a  relapse  in  those  monkeys  that  had 
either  been  cured  or  been  healed  spontaneously.  This  observa- 
tion was  continued  for  a  period  of  months. 

Second,  we  endeavored  to  ascertain  the  survival  of  treponemas 
in  those  organs  of  experimental  animals  that,  in  a  disease  like 
frambcesia  tropica,  would  naturally  be  the  storage  place  of 
treponemas. 

The  second  investigation  was  carried  on  in  two  ways;  namely, 
(1)  we  searched  for  treponemas  by  means  of  microscopic  dark- 
field  examination ;  and  (2)  we  endeavored  to  prove  their  presence 
and  at  the  same  time  their  viability  by  means  of  inoculation 
into  healthy  experimental  animals. 

As  a  focus  of  treponemas  where  they  would  most  likely  be 
found  we  took  the  regional  glands  corresponding  to  the  active, 
healing,  or  healed  lesion.  It  has  been  known  since  the  time 
of  Castellani's  early  investigations  on  yaws  that  Treponema 
pertenue  may  be  found  in  the  glands  corresponding  to  the 
frambcesic  lesion  in  experimental  animals. 

*•  C.  M.  Hasselmann,  formerly  of  the  University-Clinic  for  Dermatology, 
Syphilis,  and  Genito-urinary  Diseases,  Frankfurt  a.  M.,  Germany,  and  of 
the  Tropical  Institute  at  Hamburg,  collaborated  in  the  preparation  of 
this  section,  pages  297  to  305. 
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This  fundamental  fact  having  been  established  it  remained  to 
be  seen  what  importance  it  bears  upon  the  maintenance  of 
latent  infection  and  subsequent  relapses.  It  is  not  to  be  won- 
dered that  a  microorganism  which  penetrates  as  easily  as  does 
Treponema  will  find  its  way  through  the  lymphatic  spaces  into 
the  corresponding  regional  gland.  There  may  be  merely  a 
mechanical  deposition  of  the  treponemas  in  the  regional  gland 
where  they  remain  for  some  time  and  are  destroyed  then  and 
there,  or  it  may  mean  that  they  are  deposited  there  to  stay, 
or  they  may  pass  through  this  gland  and  work  their  way 
through  to  other  parts  of  the  body.  It  becomes  important,  there- 
fore, for  the  interpretation  of  the  positive  findings  of  trepone- 
mas in  the  regional  glands,  whether  they  remain  in  the  gland  for 
a  sufficient  length  of  time  and  permanently  establish  themselves 
in  the  lymphatic  apparatus  or  not.  Furthermore,  the  question 
arises  whether  or  not,  if  they  establish  themselves  in  the  lym- 
phatic apparatus,  they  are  capable  of  invading  the  body  from 
this  hiding  place  and  later  causing  relapses.  Our  investigations 
in  this  direction  are  sufficiently  extensive  to  allow  of  some  con- 
clusion. 

The  result  of  our  observations  of  the  spreading  of  the  early 
primary  yaw  leaves  no  doubt  that  the  treponemas  travel  from 
the  original  place  of  inoculation  through  the  lymphatic  spaces 
and  radiate  toward  the  periphery  in  a  fanlike  manner  and  prog- 
ress (equal  conditions  of  the  skin  over  which  they  travel  being 
granted)  at  about  the  same  rate,  thus  causing  the  yaws  healing 
in  the  center  to  spread  in  a  more  or  less  regular  circle  toward 
the  top  of  the  head,  when  inoculation  was  performed  on  the 
eyebrow. 

They  spread  toward  the  periphery  much  faster  than  they 
multiply  and  become  fewer  as  the  radius  of  the  circlelike  lesion, 
the  center  of  which  is  the  point  of  inoculation,  becomes  longer. 
In  consequence  of  this  the  lesion  narrows  down  to  a  thinner 
and  thinner  line,  the  farther  toward  the  periphery  the  lesion 
spreads.  This  progress  in  a  regular  circle  of  the  treponemas 
is  modified  when  they  invade  the  skin  of  the  root  of  the  nose. 
Leaving  out  the  eyelids,  they  spread  down  the  side  of  the  nose 
in  a  butterfly  effect.  In  one  instance  an  experimental  animal 
was  inoculated  on  the  eyebrow  and,  due  to  the  admixture  of 
pyogenic  bacteria  with  the  inoculum,  an  erysipelatous  infection 
set  in.  It  extended  over  the  entire  eyebrows  and  down  the  root 
of  the  nose,  and  finally  healed.     No  yaws  lesion  developed  on 
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the  eyebrows  of  this  animal  but,  after  an  unusually  long  incu- 
bation, a  typical  yaws  lesion  developed  below  the  right  eye.  This 
is  the  only  case  among  our  inoculated  animals  that  developed 
a  yaws  lesion  at  some  distance  from  the  original  point  of  inocu- 
lation, but  the  lesion  developed  in  a  place  that  is  on  the  route 
by  which  the  spreading  lesion  always  progresses  from  the  eye- 
brow down  the  side  of  the  nose.  It  clearly  indicates  that  trepo- 
nemas  travel  or  are  carried  through  lymphatic  spaces  and  thus 
naturally  reach  the  first  filter,  the  regional  lymph-gland  (see 
lymphogenic  metastases). 

The  observation  on  healed  and  cured  monkeys  with  regard 
to  the  relapses  has  shown  that  not  a  single  one  of  the  healed  or 
cured  monkeys  developed  a  relapse  of  clinical  manifestations, 
although  some  of  the  observations  were  extended  over  a  period 
of  three  years.  If  we  examine  the  results  of  our  observations 
on  other  phases  of  experimental  yaws  infection,  as  given  else- 
where in  this  paper,  we  can  see  in  the  local  exacerbation  of  a 
spreading  or  healing  local  yaw  the  innate  tendency  of  trepone- 
matous  infections  toward  relapses  or  exacerbations  well  pro- 
nounced. In  that  respect,  therefore,  the  monkey  organism  be- 
haves very  similar  to  that  of  man  where  likewise  periods  of  lull 
followed  by  a  period  of  exacerbation  in  an  existing  lesion  can 
be  clearly  discerned.  However,  the  fact  that  no  relapse  was 
noticed  among  our  numerous  experimental  animals  is  not  to 
be  attributed  to  the  difference  in  behavior  of  the  body  organism 
of  the  monkey  from  that  of  man.  As  long  as  the  lesion  exists 
and  before  the  immunity  has  developed  to  a  sufficient  degree  to 
prevent,  the  local  exacerbations  and  metastatic  lesions  may  be 
expected,  in  monkey  as  well  as  in  man.  The  absolute  lack  of 
relapses  following  the  disappearance  of  the  clinical  lesion  must 
therefore  be  interpreted  in  the  following  way:  The  immunity 
that  has  developed  in  the  meantime  prevents  the  treponemas 
existing  in  the  lesion  from  metastatic  spreading  toward  the 
other  parts  of  the  body  and,  following  the  healing  of  all  skin 
lesions,  there  is  in  yaws  no  permanent  deposition  of  treponemas 
in  the  lymphatic  apparatus  or  elsewhere  from  which  the  relapses 
might  originate.  The  immunity  develops  rapidly  enough  and 
is  so  lasting  that  the  period  of  the  metastatic  dissemination  of 
Treponema  pertenue,  in  monkeys  in  particular,  is  limited.  Even 
though  they  may,  at  the  time  of  metastatic  distribution,  reach 
other  organs  than  the  skin  they  do  not,  according  to  their  nature, 
gain  a  foothold  in  these  organs.    The  typical  metastatic  lesions 
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that  have  been  described  in  this  paper  cannot  be  explained 
in  any  other  way  than  as  originating  through  hematogenic 
dissemination. 

From  our  study  of  the  yaws  infection  in  Philippine  monkeys 
the  only  possibility  of  latent  infection  followed  by  relapses  would 
be  as  in  the  following  coincidence.  We  noticed  that  between 
the  third  and  the  fifth  month  of  infection  and  due  to  superin- 
fection a  generalization  of  yaws  may  take  place.  This  general- 
isation is  heralded  by  very  intensive  local  exacerbation  of  the 
existing  lesion.  It  is  at  this  time,  when  the  exacerbation  takes 
place  in  an  eruptive  manner,  that  the  hematogenic  distribution 
of  the  treponemas  takes  place.  We  have  noticed  that,  following 
the  occurrence  of  intensive  local  exacerbation,  the  generalized 
skin  manifestations,  if  they  occur  at  all,  will  be  noticed  within 
about  four  or  six  weeks  from  the  time  of  the  exacerbation.  It 
must  be  presumed,  from  this  time  relation  between  the  occur- 
rence of  the  generalized  skin  manifestation  and  the  occurrence 
of  the  local  exacerbation,  that  the  actual  dissemination  of  the 
treponemas  happens  simultaneously  with  the  local  exacerbations. 
The  time  between  these  two  phenomena  agrees  well  with  the 
incubation  of  a  local  yaw;  that  is,  the  period  between  the  time 
of  inoculation  and  the  time  when  the  local  lesion  assumes  a 
clinical  form  of  beginning  yaw.  If  it  so  happened  that  the 
exacerbated  local  yaw  would  heal  completely  before  the  incuba- 
tion period  of  the  metastatic  yaws  has  elapsed,  we  should  have 
a  short  period  of  latent  infection  in  yaws  where  the  animal,  or 
the  man  for  that  matter,  shows  no  evident  lesions  but  in  due 
time  develops  a  crop  of  metastatic  yaws. 

Although  the  incubation  of  the  primary  yaw  in  a  normal  indi- 
vidual man  or  monkey  is  fairly  constant,  yet  we  have  seen  in 
human  volunteers  that  the  incubation  of  a  reinoculation  may 
be  shortened  or  lengthened.  (29)  Similar  prolongation  of  the 
incubation  period  was  noticed  in  monkeys  in  sporadic  cases; 
the  shortest  observed  was  sixteen  days*  and  the  longest  was 
fifty-two  days.  Therefore,  the  theoretical  possibility  of  a  latent 
infection  in  yaws  exists,  and  the  organ  in  which  the  treponemas 
remain  dormant  for  longer  than  twenty-six  days  is  the  skin. 
Therefore,  we  may  claim  that  in  yaws  the  latency  is  theoretically 
possible  but  very  unlikely,  on  account  of  the  fact  that  the 
mother  yaw  usually  remains  active  up  to  the  time  when  the 
generalized  distribution  occurs,  or  even  longer.     The  latency, 
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as  we  interpret  it  (that  is,  latency  followed  by  relapses),  is 
determined  by  the  time  relation  between  the  healing  of  the 
lesions  and  the  duration  of  incubation  of  metastatic  yaws.  The 
quicker  the  healing  and  the  longer  the  incubation  the  longer  will 
be  the  period  of  latency.  Once  the  lesions  are  completely  healed 
and  the  maximum  incubation  period  has  expired,  without  the 
occurrence  of  relapses,  the  further  propagation  of  the  yaws 
process  becomes  impossible. 

Therefore,  no  evidence  was  found  in  our  observations  that 
relapses  would  occur  in  animals  with  the  local,  the  local  and 
generalized  yaws,  or  the  local  and  late  ulcerative  form  of  yaws 
(see  Table  16). 

The  microscopic  examination  of  the  lymph  glands  by  means 
of  dark-field  illumination  resulted  in  negative  findings,  not  only 
in  animals  with  healed  or  cured  yaws,  but  also  in  animals  with 
active  yaws.  This  observation  entitles  us  to  only  one  conclusion ; 
that  is,  that  in  any  case  of  experimental  yaws  treponemas  in 
the  regional  lymphatic  node,  if  present  at  all,  are  present  in  far 
smaller  numbers  and  they  do  not  multiply  there  to  such  an  extent 
as  they  do  in  the  corresponding  skin  lesion. 

Table  17  shows  the  results  of  our  inoculation  experiments. 

Table  16. — Showing  the  results  of  clinical  observations  of  healed  yaws  in 
monkeys  ivith  respect  to  relapses. 


Number  of  monkeys  used. 

Clinical  form  of  yaws. 

Duration 
of  observa- 
tion. 

Relapses 

occurred 

in — 

Two .    _    .    

Local. 

Months. 
1 

0 
0 

Two 

...do 

One 

_..do_ 

3 

0 

One _..   _.    

Generalized _. 

3 
4 
5 
6 
9 

0 
0 
0 
0 
0 

Five 

Local .   _ .  _ .   

One__ 

_   .do _ 

Two... 

.    .do        _-.    . 

One 

G  eneralized 

Four 

Local _. . 

9 

0 

Five 

-.do 

10 

0 

One... 

Generalized „ 

10 

0 

Three 

Local 

11 

0 

Two 

_  .do . 

12 
14 
15 
16 
19 
23 

0 
0 
0 
0 
0 
0 

One 

...do 

One 

.   .do 

One 

_   .do 

One_ 

...do . 

One 

...do 
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TABLE  17. — Showing  the  results  of  lymph  gland  inoculations  in  Philippine 

monkeys. 

[-}-,    positive;  — ,   negative;  tr,  treated  with  neosalvarsan. ] 


Recipient  monkey. 


R-2„ 
R-2_. 
R-2_. 
K-7_. 
A-6„ 
P-14. 
N-15. 
L-7.. 
Y-5_. 
Y-5„ 
Y-5... 
Y-4„ 
Y-4__ 
Y-4„ 
Y-6„ 
Y-6._ 
Y-3„ 
Y-3__ 


Lesion. 


Active. 


+ 

+ 
-f 


Healing. 


+ 


+ 

+  late 

+  tr 


+ 
+ 
+ 




Healed. 

Trepone- 
rcas  in 
lesion. 

__ 

+ 

— 

+ 

— 

+ 

— 

+ 

__ 

+ 

_. 

+ 

— 

+ 

— 

+ 

- 

-i_ 

- 

+ 

+ 

— 

+ 

— 

-f- 

— 

— 

_t- 

— . 

+ 

-f  tr 

— 

-f  tr 

— 

Result. 

Micros- 
copic. 

Take. 

Donor 
monkey. 

__ 



T-13 

— 

..... 

Y-2 

— 

__ 

H-21 

— 

-f 

J-15 

__ 

-f 

B-5 

— 

— 

A-7 

— 

— 

B-5 

_ 

-f* 

G-9 

— 

-„ 

A-S 

__ 

— 

O-d 

_._ 

__. 

B-6 

_- 

._ 

P-13 

A-7 

- 

- 

G-10 

H-18 

— 

— 

Baby  I 

— 

__. 

B-K-a 

B-X-i; 

The  procedure  followed  in  this  investigation  was  to  remove 
the  corresponding  regional  gland  (that  is,  the  inguinal  gland) 
surgically  and  aseptically.  The  gland  was  triturated  in  a  sterile 
mortar  and  a  small  amount  of  salt  solution  added.  The  emul- 
sion of  practically  the  entire  gland  was  taken  up  in  a  small 
hypodermic  syringe  and  injected  intradermal^,  following  the 
method  indicated  in  the  beginning  of  this  paper.  The  remnant 
of  the  emulsion  was  used  for  microscopic  dark-field  examination. 

We  encountered  no  difficulty  in  locating  the  healed  lesion. 
Besides  our  records,  we  used  as  a  guide  the  persistent  pigmen- 
tation of  the  scrotum  that  remained  for  a  long  time  after  the 
healing  of  the  lesion.  From  Table  17  it  is  evident  that  the 
injection  of  the  emulsified  lymph  gland  produced  a  yaws  lesion 
.in  only  a  few  instances.  These  were  glands  taken  from  monkeys 
with  active  lesions.  However,  several  inoculations  of  glands 
from  monkeys  with  active  lesions  failed  to  produce  yaws  le- 
sions, and  not  a  single  inoculation  of  lymph  glands  from  monkeys 
with  healed  or  cured  yaws  produced  yaws  lesions.  From  this 
negative  evidence,  combined  with  the  results  of  our  micros- 
copic examinations  and  the  results  of  observations  on  relapses 
in  cured  or  healed  yaws  monkeys,  we  believe  we  are  justified 
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in  claiming  that  the  invasion  of  treponemas  into  the  lymphatic 
apparatus  of  experimental  yaws  monkeys  has  no  significance 
with  regard  to  the  interpretation  of  latent  infection.  It  would 
not  be  surprising  to  find  that  the  treponemas  survive  in  the 
lymph  glands  after  the  corresponding  lesion  has  healed.  If 
this  be  the  case  an  explanation  other  than  latent  infection  would 
be  more  justified.  We  find  that  active  yaws  lesions  last  at 
times  for  months  after  the  onset  of  the  resistance  to  reinocula- 
tion,  and  it  is  the  developed  immunity  that  prevents  further 
metastatic  spreading  of  the  yaws  process  to  other  parts  of  the 
body.  The  treponemas  remain  at  the  place  of  the  lesion  until 
the  healing  process  has  removed  them  entirely. 

That  this  interpretation  is  correct  is  brought  out  by  the  ob- 
servation on  animals  and  man  who  developed  late  ulcerative 
yaws  lesions  without  going  through  the  generalized  metastatic 
stage.  This  condition  of  body  shows  a  long-protracted  period 
of  reinoculability  and  also  long-delayed  healing  of  the  ulcerative 
lesion.  In  spite  of  the  fact  that  the  healing  is  protracted  in 
the  cases  of  ulcerative  lesions,  the  animals,  as  is  the  case  in  man, 
do  not  develop  further  generalization  even  though  a  focus  has 
been  established  by  the  development  of  the  chronic  lesion  in 
which  treponemas,  evidently  in  small  numbers,  maintained  them- 
selves for  months.  Partial  immunity  has  developed  by  that 
time,  which  is  sufficient  to  prevent  the  generalization,  but  not 
sufficient  to  prevent  development  of  an  atypical  yaw  as  a  conse- 
quence of  superinfection. 

In  this  connection  the  question  necessarily  arises  whether 
the  resistance  to  inoculation  of  yaws,  as  evident  in  experiments 
on  animals  and  humans,  is  a  sign  of  immunity  or  a  sign  of 
latent  infection,  as  claimed  by  some.  With  regard  to  yaws, 
whatever  the  condition  in  other  treponematous  diseases  may 
be,  at  least  as  far  as  animals  are  concerned,  no  evidence  of 
latent  infection  has  been  noticed  in  our  experimental  observa- 
tions extending  over  more  than  three  years.  Unless  a  spon- 
taneous eruption  of  yaws  is  noticed  in  animals  that  have  been 
perfectly  free  from  any  manifestations  or  symptoms  of  yaws 
due  to  thorough  treatment  or  spontaneous  recovery,  it  would 
be  fallacy  to  speak  of  latent  infection,  since  there  is  neither 
indication  nor  sign  of  such. 

If  we  consider  as  a  working  basis  the  argument  that  latent 
infection  is  responsible  for  the  resistance  to  reinoculation  we 
should  expect  that,  in  experimental  cases  of  late  ulcerative,  so- 
called  "tertiary"  lesions  of  long  duration,  the  resistance  to  reinoc- 
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ulation  would  be  much  greater  than  in  cases  that  have  run  a 
rapid  and  extensive  course  characterized  by  repeated  crops  of 
yaws  of  short  duration.  In  looking  over  our  tabulated  results 
and  the  results  of  experiments  on  late  human  cases  of  yaws,  (29) 
we  see  that  quite  the  opposite  is  the  case.  In  the  first  place, 
not  a  single  one  of  the  generalized  cases  of  yaws  in  monkeys 
developed  so-called  "tertiary"  lesions,  but  they  proved  most 
resistant  to  superinfection  and  developed  this  resistance  in  a 
very  short  time.  On  the  other  hand,  those  animals  that  after 
a  long  course  of  mild  local  yaw  developed  so-called  "tertiary" 
lesions  were  repeatedly  reinoculable,  and  their  resistance  did 
not  become  marked  until  after  long  persistence  of  the  tertiary 
lesions.  These  findings  cannot  be  brought  into  harmony  with 
the  theory  that  latent  infection  is  responsible  for  the  resistance 
to  superinoculation.  Once  the  duration  of  yaws  infection,  in 
patients  and  in  animals  alike,  has  extended  over  the  border  line 
of  reinoculability,  treatment  brings  about  a  rapid  healing  of  the 
lesion  but  has  no  effect  whatsoever  on  their  resistance  to 
reinoculation. 

Evidence  is  on  hand  that  Philippine  monkeys  are  more  re- 
sistant to  yaws  than  are  humans.  At  least,  with  regard  to  the 
generalization,  the  statement  is  unquestionably  true.  It  is  fur- 
thermore an  established  fact  that  resistance  to  superinfection 
is  more  nearly  complete  and  develops  much  earlier  in  the  gen- 
eralized stage  of  yaws  in  monkeys  than  it  does  in  man.  It  is 
hardly  conceivable  that  "latent  infection"  should  develop  more 
quickly  and  to  a  higher  degree  in  a  resistant  monkey  than  in 
a  susceptible  man. 

The  failure  to  realize  the  independence  of  healing  of  trepo- 
nematous  lesions  from  the  development  of  resistance  to  super- 
infection or  reinfection  led  to  the  theory  that  latent  infection 
is  the  cause  of  the  resistance.  It  is  confusing  the  cause  with 
the  effect.  A  similar  condition,  where  immunity  brings  about 
a  localization  of  infection  without  in  any  way  injuring  the  mi- 
croorganism, is  not  unknown  in  bacterial  immunity.  One 
instance  is  the  immunity  following  active  immunization  with 
aggresins  against  symptomatic  anthrax.  (27) 

It  is  obvious  from  this  that  reinoculation  cannot  be  used  as 
a  criterion  for  complete  cure  or  sterilization  of  the  body  or- 
ganism of  either  man  or  animal. 

First  of  all  the  man,  like  the  animal,  can  be  superinfected 
while  the  infection  exists  in  a  form  of  local  yaws  (for  six 
months),  in  a  form  of  generalized  yaws  as  long  as  the  metas- 
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tatic  dissemination  continues,  and  in  a  late  ulcerative  form 
practically  during  the  entire  duration  of  the  active  ulcerative 
lesion. 

On  the  other  hand,  superinfection  is  not  successful  after  the 
seventh  month,  while  evident  lesions  persist  for  months  and 
treponemas  persist  in  the  lesions  for  a  long  time  after  the  body 
organism  became  completely  resistant  to  either  artificial  super- 
infection or  to  spontaneous  generalization. 

The  occasional  presence  in  small  numbers  of  Treponema 
pertenue  within  the  regional  glands  indicates  the  way  by  which 
the  treponemas  travel  and  in  certain  cases,  particularly  as  a 
consequence  of  superinfection,  produce  generalization.  In  a 
great  majority  of  experimental  cases,  however,  they  are  halted 
by  the  first  barrier,  the  corresponding  lymph  gland,  and  perish 
then  and  there.  Thus  they  are  prevented  from  reaching  their 
goal,  the  skin,  the  only  organ  where  they  produce  characteristic 
lesions  and  can  persist  for  a  long  time,  particularly  in  the  late 
so-called  "tertiary"  stage. 

The  periodic  broadcasting  of  the  treponemas  into  the  blood 
stream,  followed  by  cropping  out  of  metastatic  lesions  on  the 
skin,  is  brought  to  a  standstill  by  the  immunity  which  localizes 
the  infection  in  the  lesions  that  have  already  developed  and 
prevents  further  metastatic  spreading.  Consequently,  the  period 
of  the  appearance  of  the  metastatic  yaws  lesion  is  limited  and 
its  duration  dependent  upon  the  onset  of  immunity.  Likewise, 
the  partial  immunity  that  develops  in  the  animals  with  late 
so-called  "tertiary"  lesions  is  responsible  for  the  finding  that, 
once  an  ulcerative  lesion  has  developed  on  the  skin,  although 
the  normal  skin  of  the  same  animal  is  still  susceptible  to  develop- 
ment of  an  atypical  yaws  lesion,  no  generalization  takes  place. 
The  character  of  immunity  may,  therefore,  be  defined  as  an 
ability  on  the  part  of  the  body  to  localize  the  infection  and, 
although  the  existing  lesion  may  spread  by  continuity,  no  new 
metastatic  lesions  develop.  In  this  respect  the  immunity  re- 
sembles very  much  the  antiaggressive  immunity  as  known  in 
certain  bacterial  infection  and,  again,  the  importance  of 
the  lymphatic  apparatus  in  the  destruction  of  the  treponemas 
is  brought  into  view. 

SIGNIFICANCE  OF  EXPERIMENTAL  FINDINGS  PRESENTED 

Aside  from  the  weight  of  proof  of  the  experimental  evidence 
brought  forth  in  this  investigation  with  regard  to  the  etiology 
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and  the  pathogenesis  of  conditions  such  as  gangosa,  keratoderma 
plantare,  psoriasis  palmaris,  and  other  early  evanescent 
framboesides,  these  experimental  findings  have  a  great  signifi- 
cance with  regard  to  the  interpretation  of  immunity  in  yaws. 
The  subject  of  relapses  in  yaws  has  been  loosely  discussed  from 
a  clinical  standpoint.  As  a  rule,  a  case  of  yaws  that  again 
develops  framboesia  after  treatment  is  considered  a  relapse. 
The  clinical  cases  of  yaws  are  ambulatory  patients  and  not  cases 
under  strict  control.  The  possibility  of  reinfection  is  generally 
not  seriously  considered  by  the  clinicians  and  epidemiologists. 
To  those  acquainted  with  syphilis  only,  the  phenomenon  of  re- 
lapses in  yaws  appears  to  be  a  natural  thing.  In  the  light  of 
present  knowledge,  gained  by  recent  experiments  on  animals 
and  humans,  the  question  of  relapses  and  reinfection  in  yaws 
patients  must  be  considered  more  carefully  than  has  been  done 
hitherto. 

With  the  experimental  evidence  presented  in  our  researches, 
we  can  explain  and  understand  certain  disagreements  in  ex- 
perimental infection  and  reinfection  performed  on  humans. 
The  irregular  results  of  reinoculation  of  yaws  patients,  as 
published  in  the  literature,  could  not  heretofore  be  placed  in  any 
comprehensible  system. 

Omitting  the  discussion  of  experiments  of  this  kind  on  humans 
performed  elsewhere,  because  of  lack  of  acquaintance  with  the 
details,  I  shall  discuss  only  those  of  my  own  experience  that 
have  been  performed  during  the  last  sixteen  years  in  the  Phil- 
ippines. 

Very  illustrative  experiments  were  those  of  Sellards  and  Good- 
pasture (29)  and  of  Sellards,  Lacy,  and  Schobl.(30)  Briefly 
stated,  the  experiments  were  as  follows : 

In  1922  and  six  months  after  treatment  with  neosalvarsan 
four  patients  were  inoculated  with  yaws.  Two  of  the  four  cases 
developed  lesions  of  sufficient  extent  to  require  treatment  with 
neosalvarsan.  After  an  interval  of  more  than  two  years  the 
susceptibility  of  these  four  patients  to  yaws  was  tested  again 
by  reinoculation.  They  had  received  no  further  treatment  in 
the  meantime. 

The  result  of  this  and  subsequent  reinoculations  was  as 
follows  : 

Upon  first  reinoculation  patients  1  and  4  showed  lesions 
recognizable  as  yaws.  While  No.  1  developed  early  general- 
ized lesions  after  five  weeks,  No.  4  failed  to  develop  them  after 
four  months.     Nos.  2  and  3  exhibited  no  lesion  at  the  place 
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of  inoculation  recognizable  as  yaws.  Another  treatment  with 
neosalvarsan  was  given  and  the  same  four  patients  were  rein- 
oculated  with  the  following  result:  No.  1  again  developed  a 
typical  granuloma  and  generalized  lesions,  while  No.  4,  like 
Nos.  2  and  3,  remained  negative  as  far  as  yaws  lesions  were 
concerned. 

These  results  are  rather  confusing  and,  at  the  time  the  re- 
searches were  finished,  were  not  quite  comprehensible;  but, 
with  the  accumulated  experimental  evidence  with  regard  to  im- 
munity to  yaws  in  animals,  the  reason  can  be  seen  at  once  for  the 
different  behavior  of  the  four  patients,  all  of  whom  in  the  begin- 
ning and  at  the  time  of  the  first  treatment  presented  fully 
developed,  generalized,  so-called  "secondary"  yaws.  The  ex- 
planation lies  in  Table  1  of  Lacy  and  Sellards.(l2)  It  is  evident 
that  at  the  time  the  first  treatment  was  given  the  infection 
with  yaws  had  lasted  in  patient  1  only  three  months  and  in 
patient  4  only  eight  months,  while  in  patients  2  and  3  it  had 
lasted  twelve  and  twenty-four  months,  respectively.  This  shows 
clearly  that  if  the  infection  in  man,  as  in  animals,  has  lasted 
less  than  seven  months  the  patient  or  the  animal  is  reinoculable. 
If,  however,  the  infection  has  lasted  longer  than  eight  months 
the  patient  or  the  animal  is  no  longer  reinoculable.  While 
patient  1  was  found  repeatedly  reinoculable  when  treatment 
was  given  after  the  first,  and  the  second  infection  lasted  less 
than  seven  months  and  therefore  he  was  not  immune,  patient 
4  was  at  the  time  of  the  first  treatment  just  on  the  border  line 
of  reinoculability  and  therefore  gave  a  positive  take  (local  only) 
upon  the  first  reinoculation  and  a  negative  take  on  the  second 
reinoculation.  Patients  2  and  3  had  their  natural  infection  for 
a  sufficiently  long  time  previous  to  the  first  treatment  to  develop 
their  immunity  and  therefore  were  not  reinoculable,  in  spite  of 
treatment.  This  interpretation  of  the  experimental  evidence 
makes  the  clinical  assumption,  which  lacks  all  experimental 
evidence,  of  relapses  questionable.  By  relapses  in  this  discus- 
sion, it  is  to  be  strictly  understood,  are  meant  the  occurrence  of 
yaws  in  one  and  the  same  patient  after  all  of  the  clinical  lesions 
and  symptoms  have  completely  disappeared  due  to  healing  or 
treatment,  and  does  not  refer  to  exacerbation  of  the  existing 
or  vanishing  yaws  process. 

Summarizing  briefly,  we  should  state  that  a  patient,  like  the 
experimental  animal,  that  went  through  a  typical  course  of  gen- 
eralized yaws  and  after  the  infection  had  lasted  for  more  than 
eight  months,  either  healed  spontaneously  or  was  treated  to  such 
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an  extent  that  all  of  the  specific  and  nonspecific  manifestations 
of  yaws  had  disappeared,  can  neither  be  reinoculated  nor  con- 
tract yaws  again. 

With  regard  to  the  question  how  long  this  desirable  condi- 
tion on  the  part  of  the  patient  lasts,  we  are  still  in  the  dark, 
but  it  can  be  reasonably  assumed  that,  in  case  the  patient  has 
gone  through  typical  and  repeated  crops  of  generalized  yaws 
within  the  period  of  time  indicated  above,  his  resistance  will 
last  for  a  long  time,  if  not  for  life.  The  fact  that  the  majority 
of  the  yaws  cases  in  a  given  infested  locality  are  children  and 
youths,  while  the  adults  are  free  from  yaws  manifestations, 
finds  its  explanation  in  our  experimental  investigation.  The 
experiments  of  Sellards,  Lacy,  and  Schobl(30)  on  humans  show 
that  the  resistance  lasts  more  than  two  years. 

Objections  will  naturally  be  raised,  and  the  question  will  be 
asked,  How  can  this  interpretation  explain  the  existence  of  late 
yaws  manifestations  in  old  people?  Unfortunately,  in  analogy 
to  syphilis,  these  lesions  are  generally  considered  by  exclusive 
clinicians  as  relapses  of  latent  yaws.  Whether  or  not  this 
interpretation  is  correct  with  regard  to  syphilis,  experimental 
evidence  being  lacking,  is  an  open  question;  but  it  certainly  is 
not  true  in  cases  of  yaws.  We  must  bear  in  mind  that  fram- 
boesia  tropica  is  primarily  and  in  the  majority  of  cases  ex- 
clusively a  skin  affection,  and  that  spontaneous  healing  and 
therapeutic  cure  are  far  more  rapid  and  complete  in  yaws  than 
in  syphilis.  Furthermore,  a  permanent  localization  of  Trepo- 
nema pertenue  in  the  internal  organs  has  not  been  demonstrated 
satisfactorily.  It  certainly  is  not  the  rule.  It  is  an  open  ques- 
tion whether  or  not  the  bone  lesions  in  yaws,  either  early  or 
late,  are  always  due  to  actual  localization  of  Treponema  pertenue 
in  the  bones  or  whether  it  is  a  process  analogous  to  that  of 
keratoderma  plantare. 

Furthermore,  it  must  be  remembered  that  ulcerative  so-called 
"tertiary"  lesions  do  not  occur  metastatically  as  such,  but 
develop  from  existing  early  lesions  or  (in  experimental  animals, 
at  least)  it  has  been  demonstrated  that  they  occur  as  a  result 
of  superinfection  which  took  place  during  the  second  allergic 
stage.  The  explanation  therefore  for  the  occurrence  of  late 
ulcerative  lesions  of  long  duration,  based  on  experimental 
evidence,  would  be  a  low-grade  infection  caused  by  low-grade 
reactivity  of  the  body  organism  toward  the  infection,  which  re- 
activity manifests  itself  by  the  negative  phase  and  the  con- 
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sequent  occurrence  of  a  sufficient  number  of  metastatic  early 
lesions.  Indeed,  in  late  ulcerative  cases  giving  no  history  what- 
soever of  early  metastatic  lesions,  so-called  "secondaries"  are 
probably  the  rule  rather  than  the  exception.  Restricting  again 
our  quotation  of  literature  to  the  work  done  in  the  Philippines 
we  find  the  description  of  four  cases  of  late  ulcerative  yaws 
lesions  reported  by  Ferdinand  Schmitter.(26)  The  author  says: 
'The  history  in  each  of  the  above  four  cases  was  of  an  extra- 
genital papule  without  secondaries." 

Sufficient  evidence  has  been  produced  that  the  cases  of  late 
yaws  in  experimental  animals  are  reinoculable,  a  finding  which 
completely  agrees  with  the  experience  of  Sellards  and  Goodpast- 
ure (29)  who,  experimenting  on  cases  of  "clavos,"  arrived  at 
the  same  conclusion  with  regard  to  humans.  The  patients, 
like  the  experimental  animals,  who  develop  late  ulcerative  so- 
called  "tertiary"  lesions,  have  not  gone  through  crops  of  general- 
ized yaws  manifestations  at  all,  or  not  a  sufficient  number  of 
them  to  develop  such  a  degree  of  immunity  as  is  conferred  on 
patients  who  went  through  a  typical  initial  yaw  and  had  repeated 
crops  of  generalized  manifestations. 

The  place  of  predilection  of  ulcerative  yaws  lesions  in  many 
patients  remarkably  coincides  with  the  predilection  place  of 
the  mother  yaw,  and  the  initial  yaw  not  infrequently  turns  into 
an  ulcerative  chronic  lesion— so  frequently,  in  fact,  that  the 
initial  lesion  of  yaws  is  given  in  texbooks  erroneously  as  an 
ulcer. 

The  resistance  as  it  develops  during  the  course  of  general- 
ized yaws  in  monkeys,  and  for  that  matter  in  man,  has  all  the 
characteristics  of  immunity.  In  the  beginning,  when  the  local 
yaw  only  develops,  the  animals  are  as  susceptible  to  super- 
infection as  are  normal  animals.  Then  follows  a  state  of  higher 
susceptibility,  a  negative  phase,  manifesting  itself  by  an  in- 
tensive local  process,  enormous  numbers  of  treponemas  in  the 
lesion,  and  generalization  of  the  process.  This  stage  is  followed 
by  increased  resistance  to  superinfection  that  becomes  complete 
in  due  time,  is  lasting,  and  is  independent  of  treatment. 

CONCLUSIONS 

1.  The  Philippine  monkey  is  an  excellent  experimental  animal, 
due  to  its  high  susceptibility  to  yaws  and  on  account  of  the 
variety  of  clinical  lesions  that  can  be  produced  experimentally 
in  this  animal. 
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2.  The  local  lesion  produced  by  intradermal  inoculation  of 
Philippine  monkeys  is  a  yaw  clinically  and  anatomically  identical 
with  that  produced  in  human  volunteers  experimentally. 

3.  The  early  metastatic  yaws  lesions  produced  in  Philippine 
monkeys  by  superinfection — that  is,  the  typical  metastatic  yaw, 
the  ringworm  yaw,  the  early  framboesides  including  psoriasis 
palmaris — are  clinically  and  anatomically  identical  with  meta- 
static manifestations  of  yaws  in  humans. 

4.  The  late  yaws  lesions,  such  as  the  ulcerative  form,  lupus- 
like lesions,  gangosa,  and  the  late  framboesides,  such  as 
ichthyotic  yaws  lesions  and  the  keratoderma  plantare  as  pro- 
duced in  monkeys  by  superinfection,  are  clinically  and  anatomic- 
ally identical  with  these  lesions  as  they  occur  in  man. 

5.  The  duration  of  incubation  of  local  yaw  is  the  same  in 
Philippine  monkeys  as  it  has  been  established  to  be  in  human 
volunteers. 

6.  The  incubation  of  the  metastatic  generalization  of  yaws 
produced  in  Philippine  monkeys  by  superinoculation  is  the  same 
as  that  found  in  human  volunteers  upon  experimental  inocula- 
tion. 

7.  The  duration  of  early  yaws  manifestations,  as  well  as  that 
of  the  late  ones,  is  much  shorter  in  Philippine  monkeys  than 
is  found  by  clinical  experience  to  be  the  case  in  man. 

8.  However,  the  proportion  of  the  duration  of  early  yaws 
manifestations  to  the  duration  of  late  yaws  manifestations  is 
about  the  same  in  monkeys  as  in  man. 

9.  The  immunity,  which  consists  of  resistance  to  superinfec- 
tion and  resistance  to  metastatic  generalization  as  well  as  of 
modification  of  the  early  and  late  lesions  that  take  place  at  the 
time  when  the  resistance  to  superinfection  starts  to  develop, 
set  in  with  Philippine  monkeys  much  earlier  than  was  found 
to  be  the  case  in  experimentally  inoculated  human  volunteers. 

10.  The  fact  that  the  period  of  metastatic  dissemination  of 
yaws  is  much  more  limited  in  monkeys  than  in  man  is  due  to 
the  early  onset  of  immunity. 

11.  The  healing  of  existing  yaws  lesions,  particularly  the  early 
ones,  is  independent  of  the  resistance  to  superinfection.  Yaws 
lesions  in  monkeys,  as  in  man,  may  heal  while  the  animal  or  the 
man  is  still  susceptible  to  superinfection,  and  existing  lesions 
will  persist  a  long  time  after  the  stage  of  resistance  to  super- 
inoculation  has  fully  developed. 
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12.  From  this  it  is  evident  that  the  reinoculability  of  yaws 
animals  cannot  be  used  as  a  criterion  for  complete  therapeutic 
sterilization  of  the  yaws-infected  body  organism. 

13.  The  resistance  to  superinfection  once  achieved  is  persist- 
ent, and  no  amount  of  treatment  can  cause  the  animal,  once 
it  has  become  resistant,  to  take  infection  again. 

14.  The  Wassermann  reaction  is  indefinite  and  ephemeral  in 
the  case  of  local  yaws.  Its  strength  and  persistence  depend 
upon  the  duration  of  infection,  the  number  of  yaws  lesions,  the 
intensity  of  the  lesion  and,  to  a  lesser  extent,  on  the  number 
of  superinoculations. 

15.  The  Wassermann  reaction,  if  it  has  become  negative  due 
to  treatment  or  spontaneous  healing  and  if  all  the  lesions  have 
disappeared,  will  reappear  upon  unsuccessful  superinfection  or 
reinoculation  with  viable  material. 

16.  The  serologic  reactivity  of  the  body  organism  to  super- 
infection (that  is,  the  reappearance  of  the  Wassermann  reac- 
tion and  the  reactivity  of  the  organism  to  treatment,  which 
manifests  itself  as  a  disappearance  of  the  Wassermann  reac- 
tion) becomes  sluggish  upon  repeated  reinoculations  and  treat- 
ment. 

17.  The  reappearance  of  a  positive  Wassermann  reaction  can 
be  produced  in  healed  and  cured  animals  without  recurrence  of 
yaws  lesions  and,  therefore,  a  positive  Wassermann  reaction 
does  not  necessarily  mean  the  existence  of  Treponema  pertenue 
in  the  body  organism  of  the  animal. 

18.  The  focus  from  which  the  treponemas  are  disseminated 
into  the  surrounding  tissues,  or  metastatically  into  remote  parts 
of  the  body,  is  the  skin. 

19.  In  lymph  glands  corresponding  to  the  active  lesions 
Treponema  pertenue  can  be  found  in  a  fairly  high  percentage 
of  cases  while  the  early  lesion  is  active,  but  Treponema  pertenue 
was  never  found  in  the  lymph  gland  when  the  lesion  had  healed, 
either  spontaneously  or  due  to  treatment. 

20.  Spontaneous  relapses  do  not  occur  in  experimental  mon- 
keys when  they  reach  the  stage  of  resistance.  The  temporary 
stay  of  Treponema  pertenue  in  the  regional  lymp  gland  in- 
dicates the  route  through  which  generalization  in  yaws  takes 
place,  but  it  has  no  significance  with  regard  to  possible  relapses 
after  a  period  of  latency. 
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21.  The  latency  in  yaws  followed  by  relapse  depends  upon 
the  time  relation  between  the  healing  of  the  existing  yaws  lesions 
and  the  incubation  period  of  the  metastatic  yaws. 
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SCHEMATIC  PROTOCOLS  OF  SUPERINFECTED  AND  REINFECTED  MON- 
KEYS, ARRANGED  ALPHABETICALLY  IN  GROUPS 

I.  Monkeys  with  local  yaws. 
II.  Monkeys  with  generalized  yaws. 

III.  Monkeys   with   late   ulcerative   yaws   and   other  late 

forms. 

IV.  Monkeys  reinoculated  after  treatment. 

The  protocols  of  monkeys  that  were  used  for  superinfection 
first  and  then,  seven  or  more  months  later,  for  reinoculation, 
are  listed  in  groups  I,  II,  and  III. 


Donor 


Recipient 


For  the  sake  of  easier  calculation  the  months  are  indicated  by 
Roman  numerals,  the  days  and  years  by  Arabic  figures.  +, 
positive  take;  ±,  feeble  take;  — ,  negative  take. 


group  i.  superinfection  and  reinoculation  of  positive  yaws  monkeys 
Juan  Cadangan  III-4-25  +  B-K-l  Cadangan 


1st  superinfection  X-21-25  — 


A-3<- 


N-8 


2d  superinfection  111-18-26  — 


VI-17-26,  received  0.024  gram  neosalvarsan 


1st  reinoculation  VII-21-26  — 


G-7 


IX-27-26,  received  0.0285  gram  neosalvarsan 


2d  reinoculation  XI-8-28 


R-4 


Died  XII-28-26 
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Juan  Cadangan  III-4-25  +  B-K-l  Cadangan 


A-2«- 


1st  superinfection  XI-21-25 


N-8 


2d  superinfection  1-15-26  — 


N-8 


3d  superinfection  111-18-26  — 


F-12 


4th  superinfection  V-13-26 


VI-17-26,  received  0.024   gram  neosalvarsan 
1st  reinoculation  VII-21-26  — 


G-7 


Died  IX-14-26 


C-3  X-22-26  + 


J-16 


A-5«- 


1st  superinfection  XII-27-26  + 


III-5-27,  received  0.07  gram  neosalvarsan 


1st  reinoculation  VIII-20-27  — 


B-4 


Kiangan  (man)  V-23-25  -f 


L-4  Cadangan  strain 


B-l<- 


1st  superinfection  VIII-29-25  + 


B-l 


2d  superinfection  XI-2-25  + 


N-8 


3d  superinfection  111-18-26  — 


.1 


4th  superinfection  V-13-26 


F-12 

J 


Died  VII-21-26 
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L-4  Kiangan  (man)  V-23-25  -f-  Cadangan  strain 


R-2* 


1st  superinfection  VIII-21-25  -}- 


2d  superinfection  X-21-25  -f 


B-l 


3d  superinfection  111-19-26 


N-8 


P-12 


4th  superinfection  V-13-26 


V-17-26,  received  0.024  gram  neosalvarsan 


1st  reinoculation  VTI-21-26  — 


G-7 


IX-27-26,  received  0.0285  gram  neosalvarsan 


2d  reinoculation  XI-8-26 


3d  reinoculation  111-15-27 


B-4 


B-5 


L-4  VIII-29-25  -f 


^                 1st  autosuper infection  XI-21-25  -f 
B_3< 


2d  superinfection  111-18-26 


3d  superinfection  V-13-26  — 


B-3 


N-8 


F-12 
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1^4  VIII-29-25  +  —Continued 
B-3 — Continued 


VI-17-26,  received  0.024  gram  neosalvarsan 


1st  reinoculation  VII-21-26 


IX-27-26,  received  0.0285  gram  neosalvarsan 


2d  reinoculation  XI-8-26  — 


3d  reinoculation  111-15-27 


G-7 


B-4 


B-5 


N-8  111-18-26  -f 


lst  superinfection  VII-6-26  + 


C-2< 


2d  superinfection  IX-30-26 


XI-4-26,  received  0.0825  gram  neosalvarsan 


1st  reinoculation  III-8-27  — 


F-12 


D-10 


B-5 


L-4  IV-25-25  + 


D-8^ 


1st  superinfection  111-15-26 


2d  superinfection  V-14-26  — 


VII-12-26,  received  0.090  gram  neosalvarsan 


1st  reinoculation  IV-4-27  — 


T-l 


E-14 


B-5 
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D-8  VIII-29-25  +  N-8 


D-9«- 


lst  superinfection  111-19-26  — 


2d  superinfection  V-ll-26  — 


VI-17-26,  received  0.024  gram  neosalvarsan 
1st  reinoculation  VTI-21-26  — 


IX-27-26,  received  0.0285  gram  neosalvarsan 
2d  reinoculation  XI-8-26  — 


E-14  V-14-26  -f- 


D-10< 


L-4  IX-8-25  + 


E-13* 


Died  XII-16-26 


1st  superinfection  VII-16-26  -f 


Died  XII-4-26 


1st   superinfection   XI-17-25  -{- 


2d  superinfection  111-19-26  -f 


Died  VII-15-26 


F-12 


G-7 


B-4 


J-ll 


P-8 


N-8 


L-4  IX-8-25  -f- 


F-ll< 


1st  superinfection  111-19-26  — 


Died  V-19-26 


N-8 
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N-8  111-19-26  + 


F-12* 


1st    superinfection    VII-16-26  + 


2d  superinfection  IX-30-26  — 


XII-2-26,  received  0.09  gram  neosalvarsan 
1st  reinoculation  IV-4-27  — 


F-12  V-24-26  + 


lst  superinfection  VII-16-26  + 


F-13* 


2d  superinfection  IX-7-26  + 


N-8  111-24-26  -f 


lst   superinfection    V-13-26  + 


G-7<- 


2d  superinfection  VII-6-26  + 
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j-n 


D-10 


B-5 

J 


J-ll 


C-3 


XII-2-26,  received  0.09  gram  neosalvarsan  B-5 

1st  reinoculation  IV-4-27  —  | 


F-12 


3d  superinfection  VIII-16-26  ± 


4th  superinfection  IX-30-26  — 


Died  XII-11-26 


F-12 
J-ll 


P-10 

j 
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H-16-B  VII-30-25  + 

J 


H-16-B<- 


1st  superinfection  111-19-26  — 


2d  superinfection  V-14-26  — 


VI-17-26,  received  0.24  gram  neosalvarsan 


1st  reinoculation  VII-21-26 
Died  IX-30-26 
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N-« 


E-14 


G-7 


T-l  111-19-26  + 


H-17^ 


1st  superinfection  VII-17-26  -f 


2d  superinfection  IX-29-26 


J-ll 


D-10 


XII-2-26,  received  0.090  gram  neosalvarsan         B-5 
1st  reinoculation  IV-4-27  —  I 


T-l  111-19-26  + 


J-ll< 


1st  superinfection  VII-6-26  + 


2d  superinfection  IX-29-26  — 


F-12 


D-10 


XII-2-26,  received  0.090  gram  neosalvarsan         B-5 
1st  reinoculation  IV-4-27  —  1 
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F-12  VII-6-26  +  D-10 


J-13<- 


1st  superinfection  VIII-20-26  + 


11-26-27,  received  0.08  gram  neosalvarsan 


1st  reinoculation  III-8-27 


B-5 


P-8  XII-11-25  + 


i 
K-2*- 


1st  superinfection  111-19-26  -f 


2d  superinfection  V-24-26  + 


N-8 


N-8  111-19-26  + 


K-3< 


3d  superinfection  VII-6-26  — 


4th  superinfection  IX-29-26 


Died  1-3-27 


1st  superinfection  V-24-26  + 


Died  VII-8-26 


F-12 


F-12 


D-10 


F-12 


A-3  111-26-25  + 


L-4* 


282908 8 


1st  superinfection  111-19-26  — 


2d  superinfection  V-14-26 


N-8 


E-14 
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A-3  111-26-25  H — Continued 
L-4 — Continued 


VI-17-26,  received  0.024  gram  neosalvarsan 

1st  reinoculation  VII-21-26  — 
IX-27-26,  received  0.0285  gram  neosalvarsan 
2d  reinoculation  XI-8-26  — 


J-ll  VII-16-26  + 


L-5<- 


Died  1-3-27 


1st  superinfection  IX-29-26  + 


XII-2-26,  received  0.090  gram  neosalvarsan 


1st  reinoculation  III-8-27  — 


B-4  XI-15-26  + 


L-6*- 


lst    superinoculation    XII-27-26  -f 


III-5-27,  received  0.07  gram  neosalvarsan 


1st  reinoculation  VTI-20-27  — 


N-S  111-19-26  -f 


lst  superinfection  VII-6-26  4- 


M<- 


X-l-26,  received  0.0240  gram  neosalvarsan 
1st  reinoculation  XI-18-26  — 


Died  XII-27-26 


G-7 


B-4 

j 


D-10 


B-5 


J-16 


B-4 


F-12 


D-10 

J 
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N-8  1-22-26  -f 


M-2< 


N-8  1-22-26  -f 


M-3<- 


1st  superinfection  VII-23-26 


Died  IX-31-26 


1st  superinfection  VII-23-26 


2d  superinfection  IX-7-26  — 


Died  1-20-27 
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T-4 


T-4 


C-3 


C-3  XI-12-26  + 


M-5<- 


1st  superinfection  XII-27-26  -f 


J-16 


III-5-27,  received  0.07  gram  neosalvarsan 
1st  reinoculation  VIII-20-27  — 


B-4 

J 


P-8  IX-12-25  + 


T-l 


1st  superinfection  111-19-26  — 


0-b< 


E-14 


2d  superinfection  V-19-26  — 


VI-17-26,  received  0.024  gram  neosalvarsan 


G-7 


1st  reinoculation  VII-21-26 


Died  XI-10-26 
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P-8  XI-25  -f-  T-l 


1st  superinfection  111-19-26  + 


P-10* 


2d  superinfection  VII-6-26  — 


3d  superinfection  VII-27-26  — 


4th  superinfection  IX-7-26 


Died  1-14-27 


H-16-b  VIII-29-25  + 


S-b< 


1st  superinfection  XII-4-25  -f- 


2d  superinfection  111-19-26  — 


Died  IV-6-26 


F-12 


D-10 


C-3 


H-16-b 


T-l 


T-l  VII-2-26  + 


T-4< 


1st  superinfection  VIII-20-26  -f 


D-10 


XI-4-26,  received  0.0875  gram  neosalvarsan 


B-5 


1st  reinoculation   III-8-27 


Baby  I 


2d  reinoculation  VI-11-27 
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GROUP  II.   SUPERINFECTION  OF  POSITIVE  YAWS  MONKEYS    (GENERALIZED  YAWS) 

N-8  111-18-26  +  F-12 


i 

C-3 


1st  superinfection  VII-6-26  + 


2cLautosuperinfection  IX-23-26  — 


C-3 


Died  II-7-27 


T-4  VII-23-26  + 


E-15< 


1st  superinfection   VIII-20-26  -f 


XII-3-26   (generalized  yaws) 

II-7-27,  received  0.04  gram  neosalvarsan 

1st  reinoculation  III-8-27  — 


D-10 


B-5 


F-12  V-13-26  + 


G-6<~ 


1st  superinfection  VII-6-26  + 


2d  superinfection  VII-16-26  — 


3d  superinfection  VIII-6-26  — 


4th  superinfection  IX-7-26 


XI-4r-26,  received  0.0925  gram  neosalvarsan 


1st  reinoculation  III-8-27  — 


F-12 


J-ll 


N-8 


C-3 


B-5 
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P-8  XII-ll-25  +  N-8 


1st  autosuperinf ection  VT-28-26 

N-8*— 


C-3 


2d  superinfection  IX-7-26 


Died  XII-29-26 
D-8  Cadangan  strain  V-25-25  -f 


Cadangan  strain  + 


1st  superinfection  (generalized  yaws)  IX-8-25  + 


P-8* 


2d  superinfection  1-15-26  — 


N-8  + 


N-8  11-18-26  + 


Died  111-23-26 


1st  superinfection  VI-29-26  — 


N-8 


T-l«- 


2d  superinfection  VIII-6-26  ? 


N-8 


Died  VIII-8-26 


GROUP   III.   SUPERINFECTION    OP   POSITIVE    YAWS    MONKEYS    (LATE    ULCERATIVE 

FORM) 

Valeriano  Alonzo  VIII-12-23  -j- 

C-l  (Valeriano  Alonzo)  + 

B-K-2     (Kiangan  -f    reinoculated 

with  Cadangan)  -f 
2d  superinfection  XI-21-25  -j- 


lst  autosuperinfection 
IX-11-24  + 


N-8  3d  superinfection 
III-19-26±   feeble 


C-l+< 


4th   superinfection 
III-24-26±   feeble 


Died  V-15-26 
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M-3  VII-9-26  + 


1st  superinfection  IX-23-26  + 


H-18«- 

T 


2d  superinfection  XII-18-26  — 
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C-3 


D-10 

I 

— i 


D-S  Cadangan  strain  V-19-25  + 


P-8  Cadangan  strain 


1st    superinfection    IX-8-25  + 


J-10+- 


N-8 


2d  superinfection  111-19-26  : 


Died  V-15-26 


GROUP  IV.  REINOCULATION  OP  POSITIVE  YAWS  MONKEYS 


N-8  VIII-6-26  + 

1 


B-4        XII-27-26,  received  0.08  gram  neosalvarsan        B-5 
I  1st  reinoculation  IV-4-27  -- 


C-3  X-27-26  + 

1 


E-16        XII-27-26,  received  0.080  gram  neosalvarsan 
1st  reinoculation  VI 27  -f 


Baby  1 

J 


E-15  XII-26-26  4- 

I 


E-17         II-7-27,  received  0.09  gram  neosalvarsan 


1st    reinoculation    VT-10-27  -f 


Baby  1 
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B-4  XI-5-26  + 

I 


J-16         XII-27-26,  received  0.08  gram  neosalvarsan 


1st  reinoculation  VII-18-27  + 


Y-2 


C-3  IX-13-26  + 

i 
M-4        XII-27-26,  received  0.08  gram  neosalvarsan 


1st  reinoculation  VI-4-27 


Baby  1 


D-10  VII-27-26  + 

i 
O-c        XII-27-26,  received  0.08  gram  neosalvarsan 


1st  reinoculation  IV-4-27 


B-5 


D-10  VIII-20-26  + 

i 
T-10         Received  0.030  gram  neosalvarsan 

1st  reinoculation  III-8-27  — 


B-5 


ILLUSTRATIONS 

Plate  1 

Fig.   1.  The  initial  lesion  of  yaws  on  the   eyebrows.     Three   acuminated 
papules  on  the  inner  canthus  and  a  flat  extensive  papule  on  the 
outer  canthus  of  the  eyebrow. 
2.  A  well-developed  experimental  yaw  on  the  left  eyebrow  spreading 
down  the  bridge  of  the  nose  and  over  the  forehead. 

Plate  2 

Pig.  1.  Initial  lesion  of  experimental  yaw  on  the  scrotum.     A  single  papule 
on  the  left  side  of  the  scrotum  and  one  showing  extensive  oedema 
on  the  prepuce. 
2.  A  well-developed   experimental   yaw  on   the   skin  of  the   scrotum 
of  a  hermaphrodite. 

Plate  3 

Extensive  local  exacerbation  on  the  eyebrows  and  nose  and  on  the  scrotum 
of  a  monkey.  The  original  lesion  can  be  seen  as  a  thin  line  of 
scabs  on  the  face  and  on  the  scrotum.  The  extensive  exacer- 
bation took  place  within  the  area  already  affected  by  yaws. 

Plate  4 

The  same  monkey  as  shown  in  Plate  3,  after  healing  took  place  and 
intersected  the  extensive  lesion  in  such  a  way  that  it  makes 
a  wrong  impression  of  multiple  lesions. 

Plate  5 

Fig.  1.  Extensive    simultaneous    lesion    over    the    eyebrows   and    the    nose 
as  a  consequence  of  superinfection,  and  a  forerunner  to  a  general 
eruption   of  yaws. 
2.  Lymphogenic  metastases  on  the  left  jaw  as  a  consequence  of  local 
exacerbation  on  the  eyebrows. 

Plate  6 

Fig.  1.  Rather   dry  metastatic   yaw  over  the   right  elbow. 
2.  Typical  metastatic  yaw  located  above  the  left  ankle. 

Plate  7 

Metastatic  ringworm  yaw  on  the  calf  of  the  left  leg  of  the  monkey,  showing 
silvery  scale-topped  papules  arranged  in  a  semicircle.  A  single 
papule  is  visible,  about  1  centimeter  above  the  outer  ankle. 

Plate  8 
Metastatic  frambceside  in  the  plica  cubiti. 
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Plate  9 

Fig.  1.  Metastatic  typical  yaws  symmetric  on  the  dorsum  of  the  hind  feet 
of  a  monkey. 
2.  Metastatic  typical  yaw  on  the  tail  of  a  monkey. 

Plate  10 

Juxta  articular  location  of  metastatic  lesions  on  the  elbow  and  wrist; 
on  the  left  palm,  psoriasis  palmaris. 

Plate  11 

Fig.  1.  Juxta  articular  and  symmetric  distribution  of  a  typical  yaw  on 
the  left  olecranon  and  a  semicircularly  arranged  frambceside  round 
the  right  elbow. 
2.  Initial  local  yaw  on  the  nose. 

Plate  12 

Experimental  psoriasis  palmaris  frambcesica  in  a  monkey  that  developed 
generalized  yaws. 

Plate  13 

Maplike  arranged  desquamative  frambceside  on  the  abdomen  and  the 
inner  portion  of  the  thighs,  which  becomes  confluent  in  some 
places  and  simulates  seborrhcea. 

Plate  14 

Ichthyotic  desquamative  dermatosis  of  the  tail  and  branny  desquamative 
frambceside  on  the  inner  surface  of  the  right  thigh.  Below  the 
point  where  the  tail  crosses  the  left  leg  a  pigmented  spot  is 
visible,  which  is  all  that  is  left  of  the  metastatic  lesion  shown 
in  Plate  6,  fig.  2. 

Plate  15 

The  manner  in  which  the  primary  yaws  lesion  enters  the  nostrils  and 
eventually  leads  to  a  nasal  form  of  gangosa. 

Plate  16 

Fig.  1.  A  metastatic  yaw  over  the  left  trochanter,  showing  the  manner  of 
circular  spreading  while  the  original  yaw  becomes  stationary. 
2.  The    remnant   of   a   lesion   due   to   superinoculation   on   the   right 
eyebrow.     One    of   the   metastatic   lesions   that    developed   as    a 
consequence   thereof  is  located  in  the  nasolabial  sulcus. 

Plate  17 

Fig.  1.  A  deep  ulcerative  lesion  on  the  left  ala  nasi  at  the  point  of  super- 
inoculation.     Leucoderma  and  hyperpigmentation   over  the  eye- 
brows. 
2.  Spreading  primary  lesion  over  the  nose  from  the  eyebrows. 

Plate  18 

Fig.  1.  A  beginning  ulcerative  lesion  of  the  skin  at  the  root  of  the  nose, 
September  22,  1926. 
2.  Leaving   a    deep    scar    on   healing,    lesion    has    involved   the    soft 
parts  of  the  nose,  November  17,  1926. 
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Plate  19 

Further  development  of  nasocutaneous  form  of  gangosa  in  the  same  monkey 

as  shown  in  Plate  18. 
Fig.  1.  December  3,  1926. 
2.  January  2,  1927. 

Plate  20 

Fig.  1.  Well-developed    gangosa.     Same    monkey   as   shown   in    Plates    18 
and   19. 
2.  Same  monkey  as  shown  in  fig.  1.     The  lesion  is  beginning  to  heal. 
Photograph  taken  one  year  later  than  the  one  shown  in  Plate  18, 
fig.  1. 

Plate  21 

Fig.  1.  Beginning  caries  of  upper  incisors  as  a  consequence  of  gangosa. 
Same  animal  as  shown  in  Plates  18,  19,  and  20. 
2.  Multiple  metastatic  yaws  lesions  in  the  face  of  an  experimental 
monkey. 

Plate  22 

Fig.  1.  Lupuslike  scab  forming  lesions  over  the  eyebrows.  The  primary 
lesion  has  entered  the  nose  and  healed  in  the  skin  but,  following 
superinoculation  on  the  right  eyebrow,  an  ulcerative  process 
developed  on  the  septum  of  the  nose.  The  septum  was  completely 
perforated  when  this  photograph  was  taken. 
2.  The  same  monkey  as  shown  in  fig.  1.  The  ulcerative  process  is 
beginning  to  consume  the  ala  nasi.  Having  entered  the  nose 
from  the  skin,  it  is  destroying  the  facial  part  of  the  nose  from 
inside  out. 

Plate  23 

Fig.  1.  Well-developed   case   of   the   nasal   form    of   gangosa. 

2.  Well-developed  case  of  the  nasocutaneous  form  of  gangosa  and 
keratoderma  plantare  in  an  experimental  monkey. 

Plate  24 

Fig.  1.  Another  case  of  the  nasocutaneous  form  of  gangosa. 

2.  Keratoderma  plantare,  the  "moth-eaten  skin"  of  the  feet  of  the 
experimental  monkey  extending  as  ichthyotic  dermatosis  on  the 
dorsum  pedis. 

Plate  25 

Fig.  1.  A  case  of  extensive  gangosa  of  the  nasocutaneous  form. 

2.  Anatomical  specimen  of  the  case  of  gangosa  in  an  experimental 
monkey,  showing  the  excessive  granulations  and  the  swelling  of 
the  interior  parts  of  the  nose. 

Plate  26 

Same  case  as  Plate  25,  fig.  1,  after  one  injection  of  neosalvarsan. 

Plate  27 

Fig.  1.  A  swelling  between  the  eyebrows  and  on  the  right  side  of  the 
nose,  showing  the  character  of  immune  reaction  in  yaws.  The 
general  marasmus   and  alopecia   are   also  shown. 
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2.  Specific  swelling  of  the  axillary  glands  and  the  right  mamillary 
lymph  gland  in  a  case  of  generalized  yaws. 

Plate  28 

Fig.  1.  Section  through  an  initial  lesion  of  experimental  yaw  in  the  skin, 
showing  the  papule,  and  the  accumulation  of  cellular  infiltrate 
within  the  epidermis. 
2.  The   type   of   cellular   infiltrate   in   a   well-developed   yaws   lesion 
surrounding  a  small  blood  vessel  which  remained  normal. 

Plate  29 

Fig.  1.  Section  through  gangosa,  showing  acanthosis  and  the  presence  of 
pigment  cells  in  granulation  tissue. 
2.  Section  through  turbinate  of  a  case  of  gangosa,  showing  the  super- 
ficial  manner   of   spreading   of  the   frambcesic   process   on    the 
mucous  membrane. 

Plate  30 

Fig.  1.  Treponema  pertenue  in  the  intestines  of  a  house  fly,  five  hours  after 
feeding  on  a  frambcesic  lesion. 
2.  Section  through  keratoderma  plantare,  showing  acanthosis,  hyper- 
trophy of  the  epidermis,  and  keratosis.  The  subepidermal  portion 
shows  an  accumulation  of  pigment  cells  but  very  little  inflam- 
matory reaction. 

text  figure 

Fig.  1.  Diagram  showing  the  results  of  superinfection  and  the  continuous 
passage  through  monkeys  of  the  Juan  Cadangan  strain  of  yaws. 
An  asterisk  indicates  passage  through  monkeys  without  super- 
infection. 
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VIABILITY     OF     TREPONEMA     PERTENUE     OUTSIDE 

OF  THE  BODY  AND  ITS  SIGNIFICANCE  IN  THE 

TRANSMISSION  OF  YAWS 

By  Kodo  Yasuyama  a 

Of  the  Division  of  Biology  and  Serum  Laboratory 
Bureau  of  Science,  Manila 

Up  to  the  present  and  as  far  as  the  available  references  show, 
very  little  experimental  work  on  the  viability  of  either  Treponema 
pertenue  or  Treponema  pallidum  has  been  done.  There  are  fun- 
damental differences  between  frambcesia  and  syphilis,  as  far  as 
the  possibilities  of  transmission  are  concerned.  These  differ- 
ences become  apparent  from  the  following  considerations: 

1.  Syphilis  is  a  sexual  disease,  but  frambcesia  rarely  becomes 
such  and  only  secondarily. 

2.  The  places  of  predilection  of  the  primary  lesion  in  syphilis 
are  the  mucous  membranes ;  in  frambcesia  the  place  of  predilec- 
tion is  the  skin. 

3.  Syphilis  is  a  disease  that  is  acquired  in  the  majority  of  cases 
after  the  age  of  puberty  or  it  is  inherited ;  but  frambcesia  is  not 
hereditary  and  is  contracted,  in  the  great  majority  of  cases  and 
in  endemic  localities,  before  the  age  of  puberty. 

It  becomes  at  once  evident  that  the  mode  of  transmission  is 
not  likely  to  be  so  uniform  in  yaws  as  in  syphilis  and,  conse- 
quently, the  study  of  viability  of  Treponema  pertenue  is  of  great 
importance  in  the  epidemiology  of  this  disease,  and  the  result 
of  such  study  may  serve  as  a  basis  for  the  rational  interpretation 
of  the  transmission  of  yaws. 

In  order  to  obtain  some  data  with  regard  to  the  possible  car- 
riers of  Treponema  pertenue  responsible  for  the  transmission 
of  the  disease  the  experiments  on  viability  of  Treponema  pertenue 
outside  the  body  organism  were  extended  to  the  study  of  its 
viability  in  or  on  the  bodies  of  insects,  some  of  which  have  been 
incriminated,  and  others  might  be,  in  the  transmission  of  the 
disease. 

As  early  as  1907  Ashburn  and  Craig (l)  found  active  Trepo- 
nema in  yaws  material  kept  in  capillary  tubes  "for  a  period 

'Lieutenant  Surgeon,  Imperial  Japanese  Navy. 
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of  several  days."  There  is  no  indication  found  in  their  paper, 
however,  that  further  experiments  were  performed  by  them  on 
the  viability  of  Treponema  pertenue.  Furthermore,  I  was  un- 
able to  find  any  other  reference  on  the  subject  in  the  available 
literature. 

EXPERIMENTS  ON  VIABILITY  OF  TREPONEMA  PERTENUE  OUTSIDE  OF 
THE  BODY  ORGANISM 

The  experiments  here  reported  were  performed  with  yaws 
material  suspended  in  various  liquids  and  exposed  to  room  tem- 
perature (average  28.5°  C.)  for  varying  periods  of  time.  The 
material  was  obtained  from  yaws  lesions  of  experimental  mon- 
keys that  had  been  infected  with  the  strain  Candangan  for  other 
purposes. 

MICROSCOPIC  EXAMINATION   FOR  MOTILE  ACTIVITY  OF  TREPONEMA 

PERTENUE 

The  typical  yaws  lesion  in  monkey  was  scraped  with  a  steri- 
lized scalpel  and  the  oozing  serum,  which  contained  a  fair 
number  of  Treponema  pertenue,  was  used.  The  microscopical 
examination  was  performed  by  means  of  dark-field  illumination. 

Several  perfectly  clean  slides  were  prepared  and  a  drop  of 
physiological  salt  solution,  or  of  normal  horse  serum,  or  of 
the  serum  of  the  experimental  animal,  was  placed  on  each  slide. 

The  yaws  material  was  mixed  with  the  drop  of  the  medium 
on  each  slide  by  means  of  a  scalpel;  it  was  then  covered  with 
a  cover  glass  and  sealed  by  means  of  vaseline.  Each  slide  was 
examined  immediately  after  the  sealing  under  dark-field  illumi- 
nation and  only  the  slides  that  contained  a  fair  number  of  active 
treponemas  were  kept  for  further  observation. 

DISCUSSION  OF  RESULTS 

The  motile  activity  of  Treponema  pertenue  is  not  constant, 
not  even  in  fresh  material  from  the  yaws  lesion.  Generally 
speaking,  Treponema  pertenue  in  the  oozing  serum  from  the  early 
lesion  is  very  active,  but  the  treponemas  found  in  an  old  and 
healing  lesion  are  usually  sluggish  or  nonmotile. 

Although  I  failed  by  this  arrangement  of  the  investigation  to 
determine  the  critical  point  of  time  when  the  motility  of  Trepo- 
nema pertenue  outside  of  the  animal's  body  ceased,  the  length 
of  time  varying  considerably  in  each  experiment,  yet  the  results 
give  an  indication  of  useful  information  as  far  as  this  problem 
is  concerned.  The  initial  motile  activity  of  Treponema  pertenue 
outside  of  the  living  body  does  not  persist  longer  than  three  and 
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a  half  hours  at  room  temperature.  The  medium  in  which  the 
treponemas  are  suspended  appears  to  be  immaterial ;  that  is,  no 
striking  difference  was  noticed  whether  physiological  salt  solu- 
tion, horse  serum,  or  the  serum  of  the  experimental  animal  was 
used. 

However  active  the  treponemas  may  be  in  the  beginning  of 
the  experiment,  the  movement  becomes  sluggish  within  three  and 
a  half  hours  or  less.  The  complete  cessation  of  movement  took 
place  within  not  more  than  twenty-four  hours  and  in  not  less 
than  thirty  minutes.  The  appearance  of  granules  in  the  trepo- 
nemas takes  place  after  the  movement  has  ceased.  This  seems 
to  be  the  beginning  of  the  morphological  change  in  the  micro- 
organism. The  complete  dissolution  of  the  organism  did  not 
occur  at  times  even  after  five  days'  exposure. 

I  am  fully  aware  of  the  fact  that  the  values  as  to  the  length 
of  time  during  which  Treponema  pertenue  can  be  detected  or  its 
motility  noted  outside  of  the  body  are  not  absolute  and  under 
various  conditions  they  could  probably  not  be  duplicated,  owing 
to  the  multiplicity  of  factors  involved;  but  there  is  a  strong 
indication  that  the  treponemas,  judging  by  their  motility,  survive 
but  a  comparatively  short  time. 

In  order  to  find  out  how  far  the  immobilization  of  the  trepo- 
nemas can  be  taken  as  an  indication  of  their  death,  a  series  of 
animal  experiments  was  arranged  in  which  the  development  or 
nondevelopment  of  the  specific  lesion  following  inoculation  was 
used  as  an  indicator  of  the  viability  of  Treponema  pertenue., 

TECHNIC 

Yaws  material  suspended  in  salt  solution. — Several  sterilized 
Petri  dishes  were  prepared,  each  containing  0.5  cubic  centimeter 
of  sterilized  physiological  salt  solution.  The  tissue  of  the  lesion 
was  scraped  off  with  sterilized  scalpel  and  emulsified  in  salt 
solution.  Dark-field  examination  of  this  suspension  was  repeated 
and  specimens  containing  treponemas  were  allowed  to  stand 
at  room  temperature.  The  suspension  was  injected  into  the 
experimental  animal  without  further  dilution  at  the  end  of  defi- 
nite periods  of  time. 

The  animaVs  own  serum. — A  number  of  sterilized  capillary 
tubes  were  prepared.  The  oozing  serum  was  collected  into  the 
capillary  tubes.  Both  ends  of  the  capillary  tube  were  then 
sealed  in  the  gas  flame.  Care  was  taken  not  to  heat  the  ma- 
terial in  the  tube  while  sealing  the  tubes  in  the  flame.  The 
exposure  of  treponemas  suspended  in  the  lesion's  own  fluid  was 
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made  to  approach  natural  conditions  as  nearly  as  possible.  At 
the  same  time,  sealing  the  tubes  prevented  evaporation  and 
anaerobic  conditions  were  thereby  achieved. 

The  capillary  tubes  were  exposed  to  room  temperature  (25 
to  28°  O,  incubated  at  37°  C.,  or  refrigerated  at  0°  C.  for 
various  periods  of  time.  At  the  end  of  the  exposure,  just  before 
the  inoculation  was  made,  both  ends  of  the  sealed  capillary  tubes 
were  broken  off  and,  by  shaking  gently,  the  content  of  the 
capillary  tubes  was  emptied  into  sterilized  Petri  dishes  con- 
taining, each,  0.5  cubic  centimeter  of  physiological  salt  solution. 

Series  of  experiments  were  performed  as  shown  in  Table  1. 
The  temperature  and  the  time  of  exposure  of  the  material  con- 
taining Treponema  pertenue  are  recorded  in  the  table. 

Table  1. — Showing  the  results  of  the  test  for  viability  of  Treponema 
pertenue  outside  of  body  organism. 

[Experiment  in  vivo.] 


Length  of  exposure  to 
various  temperatures. 

Temper- 
ature to 
which 
exposed. 

Suspended  media  of 
treponema. 

Date  of  ino- 
culation. 

Re- 
sult. 

Date  of  ap- 
pearance of 
lesion. 

Trepo- 
nema 
pertenue 
in  the 
lesion. 

Immediately 

30  minutes 

60  minutes 

28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

5 
37 

5 
37 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
37 

0 

Salt  solution 

do 

do 

do 

do 

VII-9-26 

do 

do 

do 

VIII-10-26 

do 

do 

111-24-26 

do 

do 

IX-29-26 

do 

do 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

IX-20-26 
do 

V-13-26 

1-17-27 
XII-14-26 

do 

do 

do 

XII-14-26 

do 

do 

do 

1-26-27 
do 

111-10-27 

+ 

+ 
+ 
+ 

+ 
-t- 

-f- 
+ 

+ 

+ 

2  hours 

19  hours.... _ 

22|  hours 

24  hours ... 

30  minutes 

do.. 

do 

do 

45  minutes 

do.... 

do.. - 

do 

2  hours _ 

30  minutes 

Do 

do__ ___ 

do 

1  hour 

Do 

Immediately. .  _     . .     _ 

do 

Own  serum 

do 

do 

do_._ 

do 

do    -_ 

do 

X-27-26 

do 

do 

do 

do 

XI-16-26 

do 

do 

30  minutes _ 

1  hour 

1|  hours _. 

2  hours - 

Immediately. . 

30  minutes _ 

do.. 

do 

1  hour __ 

1\  hours 

do 

do _. 

do 

XI-26-26 

do 

XI-17-26 

do 

1-24-27 

do 

Immediately 

2  hours 

do.. _ 

do 

2 1  hours 

4  hours 

If  hours 

do 

.     ..do 

Do 

do 
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Table  1. — Shoiving  the  results  of  the  test  for  viability  of  Treponema 
pertenue  outside  of  body  organism — Continued. 


Length  of  exposure  to 
various  temperatures. 


Two  hours.. 

Do 

Thirt  7  minutes 

Do._ _.- 

Six  hours 

Immediately.  _ 

One  hour.- — 

Do 

One  and  one  half  hours 

Do 

Three  hours 

Do 

Do._ 

Do 

Four  hour3 

Do 

Do 

Do 

Five  houra 

Do 

Do 

Do 


Temper- 
ature to 

which 
exposed. 


oC. 

37 

0 

37 

0 

28 

28 

37 

0 

37 

0 

0 

0 

37 

37 

37 

37 

0 

0 

37 

37 

0 

0 


Suspended  media  of 
treponema. 


Own  serum.  _ 

1-24-27 

do 

do 

do 

II-3-27 

do... 

do 

Salt  solution 

X 1-29-26 

do 

do 

Own  serum 

IV-11-27 

do 

do 

do 

do 

do 

do 

.   _.do.__ 

IV-12-27 

do.. 

do 

do 

do 

do _ 

do 

do 

V-12-27 

do 

do 

do... 

do 

do.. 

do 

do 

do 

do... 

do 

do 

do 

do 

do 

Date  of  ino- 
culation. 


Re- 
sult, 


Date  of  ap- 
pearance of 
lesion. 


111-23-27 


XII-29-26 


VI-1-27 


Trepo- 
nema 
pevtenue 
in  tha 
lesion. 


Such  animals  as  developed  no  sign  of  yaws  were  kept  under 
observation  for  at  least  forty  days  before  they  were  discarded. 
The  inoculation  of  yaws  material  suspended  in  physiological 
salt  solution  and  exposed  to  room  temperature  for  thirty  minutes 
resulted  in  a  positive  take.  The  same  suspension  of  yaws  ma- 
terial exposed  to  room  temperature  for  forty-five  minutes,  for 
one  hour,  for  two  hours,  for  six  hours,  for  nineteen  hours,  for 
twenty-two  and  one-half  hours,  and  for  twenty-four  hours  gave 
no  takes. 

Inoculation  of  yaws  material  kept  in  the  donor's  own  serum 
and  in  sealed  capillary  tubes,  when  exposed  to  room  temperature 
for  thirty  minutes,  for  one  hour,  for  one  and  one-half  hours, 
and  for  two  hours,  resulted  in  the  development  of  yaws.  Yaws 
material  exposed  for  two  hours,  for  two  and  one-half  hours, 
and  for  four  hours  gave  no  takes. 

The  inoculation  with  yaws  material  suspended  in  physiological 
salt  solution  and  exposed  to  body  temperature  (37°  C.)  for  thirty 
minutes  and  for  one  hour  produced  yaws.     The  same  material, 
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suspended  in  the  same  solution  but  exposed  to  a  temperature  of 
5°  C,  gave  negative  results  in  both  experiments  with  material 
exposed  for  thirty  minutes  and  for  one  hour. 

The  experiments  with  the  material  suspended  in  the  donor's 
own  serum  and  kept  in  capillary  tubes,  when  exposed  to  body 
temperature  (37°  C.)  gave  positive  results  after  exposure  of  one 
hour,  one  and  one-half  hours,  and  two  hours.  Negative  results 
were  obtained  in  monkeys  inoculated  with  the  same  material 
incubated  at  37°  C.  when  exposed  for  four  hours  and  for  five 
hours. 

Inoculation  of  yaws  material  suspended  in  the  donor's  own 
serum  and  exposed  to  0°  C.  for  thirty  minutes  or  more  gave 
negative  results  without  exception.  The  yaws  material  was  kept 
in  an  electric  refrigerator  for  thirty  minutes,  for  one  hour,  for 
one  and  one-half  hours,  for  two  hours,  for  three  hours,  for  four 
hours,  and  for  five  hours.  From  these  experiments  the  con- 
clusion can  be  drawn  that  Treponema  pertenue  remains  viable 
at  freezing  point  for  less  than  thirty  minutes. 

The  fact  that  Treponema  pertenue  does  not  survive  at  low 
temperature  but,  as  shown  in  our  experiment,  dies  in  less  than 
half  an  hour,  I  propose  to  offer  as  one  (probably  the  main)  factor 
responsible  for  the  well-known  fact  that  frambcesia  tropica  does 
not  gain  a  foothold  when  introduced  into  a  temperate  climate. 
Cases  are  on  record  of  frambcesia  acquired  by  inhabitants  of 
a  moderate  climate  in  the  Tropics.  Upon  return  of  the  patient 
from  the  Tropics  to  his  homeland  in  a  temperate  climate,  the 
disease  ran  its  natural  course,  but  no  subsequent  cases  developed 
in  his  community. 

Naturally,  the  factor  given  above  is  not  the  only  one,  and  the 
different  condition  of  the  skin  in  the  Tropics,  due  to  high  tem- 
perature and  excessive  humidity,  from  that  encountered  in  the 
temperate  climate,  is  another  important  factor  that  might  also 
be  responsible  for  the  prevalence  of  yaws  in  hot  countries  and 
the  nonexistence  of  frambcesia  in  cold  countries.  The  modifica- 
tion of  the  clinical  manifestation  of  yaws  at  high  altitudes  in  the 
tropical  Philippines  has  been  brought  out  by  Lopez-Rizal  and 
Sellards.(8) 

THE  VIABILITY  OF  TREPONEMA  PERTENUE  IN  AND  ON  INSECTS 

Some  of  the  fundamental  points  with  regard  to  the  viability  ot 
Treponema  pertenue  outside  of  the  body  organism  having  been 
ascertained,  I  extended  my  experiments  to  the  problem  of  its 
viability  in  and  on  insects,  in  order  to  find  some  clue  as  to  the 
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particular  insect  most  likely  to  be  responsible  for  the  transmis- 
sion of  yaws.  That  the  direct  transmission  of  framboesia  from 
person  to  person  is  undoubtedly  one  of  the  ways  of  spreading 
and  maintaining  the  disease  has  been  conclusively  demonstrated 
by  experimental  transmission  of  yaws  from  patient  to  animal 
or  to  man.  That  there  is,  however,  more  than  one  mode  of  trans- 
mission and  that  insects  are  the  transmitters  of  the  disease,  has 
been  generally  suspected  by  workers  in  many  tropical  countries. 
Of  all  these  insects,  the  fly  has  been  most  frequently  incriminated, 
owing  to  its  habits  of  feeding  on  secreting  and  oozing  skin  lesions. 
According  to  Gudger,(4)  the  earliest  reference  as  to  the  trans- 
mission of  yaws  bears  date  of  1769  from  Guiana.  The  second, 
while  of  much  later  date  (1817),  indicates  that  in  Brazil  at  that 
time  the  infection  was  conveyed  by  a  certain  fly  recognizable  by 
its  small  size.  Walsh  (14)  published  in  1831  an  article  in  which 
he  stated  that  the  eye  sometimes  is  partially  affected  and  a  small 
fly  is  then  attracted  by  the  discharge;  this  insect  comes  loaded 
with  the  contagious  matter  and  communicates  it  to  the  next  per- 
son on  whose  face  it  happens  to  light.  Stedman(i3)  wrote  in  his 
description  of  the  expedition  to  South  America  in  1796  as  fol- 
lows: 

The  yaws,  *  *  *  if  a  fly  which  has  been  feeding  upon  the  disease 
(and  they  are  generally  covered  with  them)  light  upon  the  slightest  scratch 
on  a  healthy  person,  it  communicates  this  dreadful  disorder,  which  always 
confines  him  for  several  months. 

Kester(7)  in  1817  described  the  transmission  of  yaws  as  fol- 
lows: 

This  horrible  disorder  (the  yaws)  was  contracted  by  inhabiting  the  same 
room  with  the  patient,  and  by  inoculation;  this  is  effected  by  means  of  a 
small  fly  from  which  every  precaution  is  often  times  of  no  avail;  great 
numbers  of  the  insects  of  this  species  appear  in  the  morning,  but  they  are 
not  so  much  seen  when  the  sun  is  powerful;  if  one  of  them  chances  to 
settle  upon  the  corner  of  the  eye  or  mouth,  or  upon  the  most  trifling  scratch, 
it  is  enough  to  inoculate  the  bobas,  if  the  insect  comes  from  a  person 
who  labors  under  the  disease. 

Robertson  (11)  in  1908  reported  that  he  observed  that  a  large 
number  of  flies  infested  the  houses  of  natives  suffering  from 
yaws,  and  that  they  were  in  frequent  contact  with  the  prevalent 
secretions  of  the  papules  on  the  bodies  of  the  inmates.  In  his 
second  report  (1910)  Gudger(o)  makes  the  following  statement : 

The  yaws  are  *  *  *,  and  a  small  quantity  of  yellowish  pus  is 
usually  seen  adhering  to  their  surface,  which  is  commonly  covered  with 
flies,     *     *     *     it  is  usually  believed  that  this  disorder  is  communicated 
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by  the  flies  which  have  been  feasting  on  a  diseased  object,  to  those  persons 
who  have  sores,  or  scratches,  which  are  uncovered. 

In  1911,  Howard (6)  stated  that  there  is  strong  circumstantial 
evidence  that  tuberculosis,  anthrax,  yaws,  etc.,  might  be  and  were 
so  carried.     Castellani  and  Chalmers  (3)  in  1919  wrote  as  follows : 

In  our  opinion  there  can  be  little  doubt  that  in  certain  cases  insects 
may  carry  the  disease.  It  is  very  noticeable  that  flies  eagerly  crowd  on 
the  open  sores  of  frambcesia  patients. 

Oho (10)  in  1921  reported  as  follows: 

In  my  investigation  I  was  further  able  to  ascertain  that  innumerable 
flies  were  sitting  on  the  moist  surfaces  of  the  framboesic  eruptions  and 
that  they  sucked  the  secretion  *  *  * ;  one  finds  in  the  habitations  mostly 
Musca  domestica  and  outdoors  a  yellow  kind  of  fly  Musca  xanthomera 
(?).  The  last  mentioned  sucks  with  more  zeal  on  small  wounds,  such  as 
scratches  and  thereby  produces  pain,  so  that  the  primitives,  who  have  for 
instance  a  small  wound  on  the  foot,  cannot  remain  still  (on  account  of  the 
pain  caused  by  the  flies).  This  fly  is  possibly  mostly  to  be  blamed  for  the 
transmission  of  the  infection.2 

Som?  authors  mention  insects  other  than  flies  as  responsible 
for  the  dissemination  of  yaws.  Bahr(2)  has  suggested  that  the 
causative  treponemas  may  be  transmitted  by  some  blood-sucking 
insect  the  range  of  which  is  definitely  limited  by  the  character 
of  the  vegetation  or  by  climatic  factors.  Modder  and  Glas(9) 
concluded,  from  their  yaws-inoculation  experiments  on  birds, 
that  the  possibility  of  transmission  of  yaws  by  means  of  the 
argas  and  the  ixodes  varieties  of  tick  could  be  easily  demonstrated 
by  any  one  who  would  try  the  experiment,  because  of  the  limita- 
tion of  yaws  to  certain  areas  in  Ceylon  where  these  ticks  are 
found.  In  the  same  paper  the  incubation  period  is  given  as 
six  days.  It  is  beyond  our  belief  that  a  yaws  lesion  can  be  pro- 
duced after  so  short  an  incubation  period  and  that  fowls  are 
susceptible  to  frambcesia.  There  is,  however,  at  present  no  ex- 
perimental evidence  to  the  contrary.  Castellani  and  Chalmers  (3) 
state  that  "Ants  also  are  occasionally  seen  to  go  on  to  the  fram- 
bcetic  ulcerations,  as  well  as  on  to  ordinary  ulcers." 

From  the  above-quoted  references  it  is  impossible  to  form  a 
definite  opinion  as  to  whether  or  not  insects  are  involved  in  the 
transmission  of  yaws  and,  if  they  are,  which  insects  are  re- 
sponsible for  the  transmission. 

8  This  quotation  has  been  translated  by  Dr.  0.  Schobl. 
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It  is  generally  known  that  yaws  is  a  household  disease;  that 
is,  members  of  the  same  household  are  commonly  infected. 
Furthermore,  endemic  villages  are  not  unusual  in  the  Philippine 
Islands. 

The  question  of  prevalence  of  yaws  in  the  lowlands  and  its 
comparative  rarity  or  absence  in  high  mountains  has  been  fre- 
quently discussed  in  the  literature.  A  definite  line  of  elevation 
has  been  drawn  at  800  feet  which  has  supposedly  never  been 
crossed  by  yaws.  Oho,(i0)  however,  in  Formosa,  and  Lopez- 
Rizal  and  SellardsW  in  the  Philippines,  have  demonstrated  that 
frambossia  can  be  found  at  much  higher  altitudes  than  is  gen- 
erally believed.  This  geographic  and  climatic  selectivity  of 
yaws  has  been  taken  by  Bahr(2)  as  an  indication  that  yaws 
is  transmitted  by  special  insects  of  similar  geographic  and  cli- 
matic distribution.  This  explanation  apparently  does  not  con- 
sider the  factor  of  viability  of  the  causative  agent,  which  was 
brought  out  in  my  researches.  With  regard  to  transmission, 
an  experimental  fact  and  a  clinical  observation  must  be  con- 
sidered. Lopez-Rizal  and  Sellards  observed  modification  of  the 
clinical  yaws  lesion  at  high  altitudes;  briefly  stated,  the  yaws 
lesions  were  restricted  among  patients  residing  at  high  altitudes 
to  warm  moist  folds  and  body  orifices. 

In  my  experiments  the  fact  was  brought  out  that  Treponema 
pertenue  outside  of  the  body  organism  survives  only  a  few  hours 
and  is  so  susceptible  to  low  temperature  that  it  becomes  inert 
and  can  no  longer  produce  a  lesion  when  exposed  to  freezing 
temperature  for  even  a  few  minutes,  while  at  blood  temperature 
it  survives  longer  than  at  room  temperature  (average  28.5°  C). 
If  the  shortness  of  life  of  Treponema  pertenue  at  low  temperature 
be  taken  into  consideration  on  one  hand,  and  the  modification  of 
clinical  yaws  by  low  temperature  at  high  altitude  due  to  the 
condition  of  the  skin  on  the  other,  it  at  once  becomes  evident 
that  no  particular  insect  restricted  to  this  geographic  distribu- 
tion need  be  looked  for  as  a  carrier  of  yaws. 

Indeed,  coxmon,  geographically  ubiquitous  insects  such  as 
flies  are  more  likely  to  be  responsible  for  the  transmission 
than  is  an  insect  of  some  particular  geographic  distribution.  If 
the  enormous  numbers  of  treponemas  discharged  at  times  by 
the  yaws  lesions  and  the  persistency  with  which  flies  feed  on 
such  oozing  lesions  as  yaws  be  considered,  then  it  becomes  clear 
that  a  fly,  of  all  insects  hitherto  accused,  is  most  likely  the  one 
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responsible  for  the  transmission  of  yaws.  The  disinclination  of 
blood-sucking  insects,  such  as  bedbugs  and  mosquitoes,  to  feed 
directly  on  yaws  lesions,  and  scarcity  of  Treponema  pertenue 
in  the  circulating  blood,  must  be  considered. 

EXPERIMENTS  ON  VIABILITY  OF  TREPONEMA  PERTENUE  ON  AND  IN 
THE  BODY  OF  INSECTS 

Such  insects  as  were  suspected  to  be  responsible  for  the  trans- 
mission of  yaws  were  used  in  these  experiments.  House  flies 
and  mosquitoes  were  kept  in  special  cages  of  a  wooden  frame 
and  mosquito-net  walls.  (12)  The  flies  were  fed  on  bananas  and 
the  mosquitoes  on  sugar  water  in  the  cages  while  awaiting  the 
experiments.  Bedbugs  were  kept  in  wooden  boxes  and  main- 
tained by  feeding  them  on  human  blood.  Immediately  before  the 
feeding  experiment  the  insects  were  placed  in  sterilized  in- 
dividual test  tubes  which  were  then  stoppered  with  cotton  plugs. 

The  feeding  of  insects  upon  the  yaws  lesion  was  performed 
as  follows:  First  of  all,  the  crust  was  removed  from  the  sur- 
face of  the  lesion  and  the  presence  of  treponemas  in  the  oozing 
liquid  was  ascertained.  If  the  typical  oozing  did  not  take  place 
immediately,  this  was  provoked  by  gentle  scratching  of  the  sur- 
face of  the  lesion  by  means  of  a  sterile  scalpel.  The  lesion  having 
been  prepared  in  this  manner,  the  particular  insect,  now  con- 
fined in  a  sterile  test  tube,  was  selected.  The  test  tube  contain- 
ing the  insect  was  turned  bottom  up.  The  cotton  plug  was 
removed  and  the  test  tube  was  placed  quickly  over  the  lesion  in 
such  a  manner  that  the  mouth  of  the  test  tube  was  placed  tightly 
on  the  surface  of  the  lesion.  By  gentle  tapping  on  the  bottom 
of  the  test  tube  the  insect  was  brought  into  direct  contact  with 
the  surface  of  the  lesion,  where  it  could  feed  freely  on  the  yaws 
material. 

After  the  insect  had  fed  it  was  killed  by  chloroform  vapors  or 
by  crushing.  The  mouth  of  the  test  tube  was  sterilized  by  means 
of  the  gas  flame. 

The  dead  insect  was  placed  in  a  sterilized  mortar,  crushed,  and 
ground  up,  and  the  resulting  pulp  was  suspended  in  0.5  cubic  cen- 
timeter of  physiological  salt  solution. 

In  some  instances  the  insects,  after  having  been  fed  on  yaws 
material,  were  dissected  and  the  intestine  alone,  which  was 
found  to  contain  treponemas,  was  emulsified  as  described  above. 
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The  emulsion  thus  prepared  was  injected  intradermally  into  nor- 
mal  monkeys. 

DESCRIPTION  OP  PROCEDURE  AND  TECHNIC  OF  MICROSCOPIC 
EXPERIMENTS 

The  dead  insect  that  had  fed  on  the  yaws  lesion  was  removed 
from  the  test  tube  and  its  legs  and  wings  were  removed.  The 
body  was  then  placed  in  the  center  of  a  microscopic  slide.  The 
slide  was  brought  under  the  dissecting  microscope  and  the  body 
was  divided  by  means  of  needles  into  three  parts;  namely, 
head,  thorax,  and  abdomen.  Each  of  the  three  parts  of  the  in- 
sect's body  was  placed  in  a  drop  of  normal  saline  solution  on  a 
separate  slide.  Then  each  part  (that  is,  the  head,  the  thorax, 
and  the  abdomen)  was  crushed  with  needles  and  the  crushed  part 
was  transferred  to  another  slide.  Thus,  two  slides  were  pre- 
pared with  the  material  obtained  from  the  insect's  head,  two  with 
that  from  the  thorax,  and  two  with  that  from  the  abdomen. 
One  slide  was  examined  immediately  under  the  dark-field  mi- 
croscope; the  other  slide  was  stained  by  Fontana's  method, 
slightly  modified  by  me. 

The  results  of  the  microscopic  examination  are  given  in  Tables 
2  to  4.  During  the  feeding,  the  flies  willingly  started  to  take 
their  meal  from  the  lesion.  Within  three  to  five  seconds  the 
feeding  had  been  accomplished.  After  this  time  they  could 
not  be  induced  to  take  more  food  from  the  oozing  yaws  lesion. 
It  happened  very  often  that  mosquitoes,  when  they  were  induced 
to  alight  on  a  yaw,  adhered  to  the  moist  surface  of  the  lesion  with 
their  slender  legs  and  consequently  perished.  They  preferred 
naturally  to  suck  blood  on  the  normal  skin  through  which  they 
could  easily  introduce  their  sharp  blood-sucking  instrument  (the 
proboscis).  Accordingly,  the  mosquitoes  that  were  subjected  to 
the  feeding  experiment  alighted,  if  at  all,  on  the  marginal  part 
of  the  lesion  only,  and  not  on  the  lesion  proper.  It  took  thirty 
to  fifty  seconds  before  the  abdomen  bulged  with  blood.  Bedbugs 
likewise  refused  to  approach  the  dangerous  moist  surface  of 
the  yaws  lesion ;  they  sucked  blood  on  the  margin  of  the  lesion, 
where  the  skin  was  dry.  The  feeding  experiments  with  flies 
were  successfully  carried  out  without  much  difficulty,  but  those 
with  mosquitoes  ended  with  the  result  that  only  twenty-seven  of 
the  two  hundred  mosquitoes  that  were  used  in  the  experiments 
fed  at  all,  and  on  the  margin  of  the  lesion  at  that. 
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Table  2. — Showing  the  results  of  microscopical  examination  of  flies  fed 

upon  yaws  lesions. 

[+,  positive  finding ;  — ,  negative  finding ;   0,  not  done.] 


Treponema 
in  the  lesion 
of  the  donor. 


+  - 

+  - 
+  - 
+  - 

+  - 
+  - 
+  - 

+  - 
+  - 
+  - 
+  - 
+  - 
+  - 
+  - 
+  - 
+  - 
+  -■ 
+  -. 
+  -. 
+  - 
+  -. 
+  - 
+  -- 
+  -- 
+  - 
+  -- 
+  -- 
+  -- 
+  -- 
+  - 
+  - 
+-- 
+  -- 


Total... 
Positive. 


Time  between 
feeding  and 
microscopical 
examination. 


Immediately 

do 

do 

do 


.do. 
.do. 
.do.. 


Hrs. 
0 

0 

0 

0 

1 

1 

1 

2 

2 

2 

2 

2 

2 

3 

4 

4 

4 

5 

5 

6 

7 

7 

10 

11 

11 

23 


mm. 
10 

10 

30 

40 

0 
30 
45 

0 

0 
10 
20 
30 
30 
10 
15 
40 
45 
50 
55 
45 

0 
15 
30 

0 

0 

0 


Number  and  kind  of 
flies  examined. 


2  house  flies  _ 
do 


1  house  fly 

1  bluebottle  fly  indirectly 
fed. 

1  house  fly 

5  house  flies 

3  bluebottle  flies 


1  house  fly 

1  bluebottle  fly_. 

1  house  fly 

do 


do 

2  house  flies  _ 
1  house  fly  _ . 

do 

do 


.do. 
.do. 
.do. 
.do. 
-do. 


.do. 
.do. 
.do. 
.do.. 


.do. 
.do. 
.do. 


do 

2  house  flies_ 

1  house  fly  _  _ 
do 

2  house  flies  _ 


44  flies. 


Result  of  microscopic  examination. 


Head. 


+ 
+ 


Thorax. 


p 


fis 


Abdomen. 


+  + 

+  + 

+ 


+ 
+ 
+  + 
+ 
+ 
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Table  3. — Showing  the  results  of  microscopical  examination  of  mosquitoes 
(Stegomyia  fasciata)   fed  upon  yaws  lesions. 

[-K  positive  finding;  — ,  negative  finding;  0,  not  done.] 


Treponema 
I  in  the  lesion 
!  of  the  donor. 


I- 


i  +- 
;  +- 
I  +. 
!    +- 

i 

I  +- 
!  +- 
+- 
+- 
+-. 
+-. 
+-. 
+-. 
+- 
+-- 


Total... 
Positive. 


Time  between 

feeding  and 
microscopical 
examination. 


Immediately 
do 


.do. 
.do. 


mm. 
0 

30 

35 

45 

0 
10 
30 
45 

0 
15 


Mosquitoe 
examined. 


25 


Result  of  microscopic  examination. 


Head. 


Dark- 
field. 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Fontana 
method. 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Thorax. 


Dark- 
field. 


Fontana 
method. 


0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Abdomen. 


Dark- 
field. 


+  +  + 

+ 


Fontana 
method. 


Table  4.- -Showing  the  result  of  microscopical  examination  of  bedbugs  fed 

upon  yaws  lesions. 


[+,  positive   finding; 


negative   finding;   0,    not   done.] 


Treponema 
in  the  lesion 
of  the  donor. 

Time  between 

feedir  g  and 
microscopical 
examination. 

Bedbugs 
examined. 

Result  of  microscopic  examination. 

Head. 

Thorax. 

Abdomen. 

Dark- 
field. 

Fontana 
method. 

Dark- 
field. 

Fontana 
method. 

Dark- 
field. 

Fontana 
method. 

+ 

+ 

+ 

+ 

+ 

Total. 

Immediately. 

do 

do 

1  hour 

2  hours 

+ 

+ 

— 

+ 

— 

+ 

+ 

5 

Positive 

2 

1 

1 

1 
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The  experiment  with  bedbugs  was  practically  a  failure,  be- 
cause only  five  bedbugs  out  of  more  than  fifty  would  feed  on  the 
lesion  proper. 

Textbooks  of  entomology  state  that  blood-sucking  insects  such 
as  mosquitoes  and  bedbugs  suck  blood  by  piercing  the  skin  by 
means  of  their  slender  probosci  which  are  provided  with  sharp 
tips  and  enter  the  capillaries  of  cutaneous  tissue;  the  sucking 
action  is  caused  by  the  blood  pressure  and  by  the  capillary  at- 
traction through  the  probosci.  It  is  unnatural  for  blood-sucking 
insects  to  feed  on  oozing  blood  or  on  the  surface  of  a  skin  lesion, 
because  such  blood  is  devoid  of  pressure. 

Flies  have  wide  canals  in  the  proboscis  which  are  distended 
in  the  labella.  The  sucking  is  accomplished  by  the  negative 
pressure  which  is  produced  by  the  action  of  a  muscle  around 
the  proboscis. 

Of  the  forty-four  flies  that  were  satisfactorily  fed  on  the 
lesion  of  the  donor,  three  flies  contained  treponemas  in  the  head, 
two  flies  in  the  thorax,  twenty-two  flies  in  the  abdomen,  and  two 
flies  in  both  parts  of  head  and  thorax.  Whenever  the  abdomen 
of  a  fly  was  found  bulged  with  blood,  it  was  possible  to  de- 
monstrate treponemas  microscopically  in  the  intestine  of  the 
insect.  Treponemas  were  demonstrated  by  dark  field  in  the  in- 
testine of  a  housefly  as  long  as  eleven  hours  after  feeding. 

Of  the  total  number  of  twenty-five  mosquitoes  that  sucked 
the  blood  from  the  margin  of  the  lesion  and  the  abdomens  of 
which  were  noted  to  be  bulged  with  blood,  four  contained  trepo- 
nemas in  the  intestine. 

Of  the  five  bedbugs  which  sucked  blood  on  the  margin  of  the 
lesion  of  the  donor,  two  contained  treponemas  in  the  head,  one 
in  the  thorax,  and  one  in  the  abdomen. 

The  results  of  our  experiments  with  blood-sucking  insects 
such  as  mosquitoes  and  bedbugs  show  that,  if  these  insects  can  be 
induced  to  feed  on  the  lesion,  a  high  percentage  become  mechan- 
ical carriers  of  treponemas;  but,  in  as  much  as  observation 
teaches  that  these  blood-sucking  insects  show  a  great  disinclina- 
tion to  feed  on  yaws  lesions,  they  do  not  enter  as  a  serious  factor 
in  the  indirect  transmission  of  yaws. 

ANIMAL  EXPERIMENTS  ON  VIABILITY  OF  TREPONEMA  PERTENUE 
IN  AND  ON  INSECTS 

It  having  been  found  that,  of  all  the  insects  experimented 
with,  house  flies  are  most  likely  to  be  carriers  of  treponemas 
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in  and  on  their  bodies,  the  emulsion  of  the  house  flies  that  were 
fed  on  the  yaws  lesions  was  inoculated  into  monkeys.  The  re- 
sults of  these  experiments  are  given  in  Table  5. 

Table  5. — Showing  the  results  of  the  test  for  viability  of  Treponema  per- 
tenue  in  and  on  insects. 


Insect. 

Part  of 
insects  used. 

Time  of  ex- 
posure. 

Treponema  in 

the  donor's 

lesion. 

Date  of  ino- 
culation. 

Date  of  appear- 
ance of  lesion. 

Trepo- 
nema in 
the  lesion 

of  the 
receiver. 

House  fly 

Do.... 
Bedbug 

i     Housefly... 
6  house  flies. 

3  house  flies. 

4  house  flies. 

Do 

'     13  house  flies 

5  house  flies. 

Entire  body— 

do 

do 

Abdomen 

Entire  body— 

do 

do 

do 

Intestine 

Entire  body__ 

Immediately. 

do 

do 

Hra.     min. 
1 

20 
20 
15 
15 
1 

30 

Few 

do _ 

Pair  number 

Numerous.  __ 
Few 

do 

Fair  number. 

do 

do _ 

do 

XI-12-26 
XI-15-26 
do.._. 

XI-26-26 
1-11-27 
1-14-27 
1-15-27 

do.... 

II-1-27 
II-9-27 

11-28-27+ 

11-28-27+ 
do.  + 

IV- 2-27+ 

+ 

+ 
+ 

+ 

A  monkey  which  received  two  inoculations  with  the  material 
exposed  in  and  on  the  fly's  body  for  twenty  minutes,  gave  a 
positive  and  a  negative  result,  respectively.  A  monkey  which 
received  two  inoculations  with  the  material  exposed  on  and  in 
the  fly  for  fifteen  minutes,  gave  positive  results  from  both. 
A  monkey  which  received  the  material  exposed  for  thirty  mi- 
nutes, gave  positive  results.  From  these  experiments,  it  is  clear 
that  treponemas  survive  in  and  on  the  body  of  the  house  fly  for 
thirty  minutes.  In  other  words,  Treponema  pertenue  survives 
on  and  in  the  body  of  the  flies  about  the  same  length  of  time  as 
it  does  in  physiological  salt  solution. 

Transmission  experiments  of  yaws  to  monkeys,  by  flies  fed 
on  the  lesion,  were  performed  by  Castellani  and  Chalmers  (3) 
and  their  coworkers  prior  to  my  experiment.  The  details  are 
given  as  follows: 

One  of  us  made  some  experiments  to  prove  that  flies  are  instrumental 
in  the  dissemination  of  the  disease.  A  number  of  flies  were  fed  on  scrap- 
ings from  slightly  ulcerated  frambcetic  papules.  *  *  *  On  examina- 
tion after  feeding,  the  majority  presented  coarse  spirochetes,  and  a  few 
of  them  also  T.  pertenue.  In  another  experiment  flies  fed  on  yaws  material 
were  placed  on  scarified  spots  over  the  eyebrows  of  several  monkeys,  and 
kept  there  for  two  hours  by  means  of  strips  of  gauze  smeared  with  col- 
lodion at  their  margins.     One  of  the  monkeys  became  infected. 


348  The  Philippine  Journal  of  Science  1928 

CONCLUSIONS 

1.  Up  to  a  certain  limit  the  so-called  motility  of  Treponema 
pertenue  can  be  used  as  an  indication  of  its  viability. 

2.  The  viability  of  Treponema  pertenue  outside  of  the  body 
proved  to  be  of  short  duration. 

3.  The  temperature  of  the  human  body  (37°  C.)  proved  to 
be  more  favorable  to  the  survival  of  Treponema  pertenue  than 
did  room  temperature  (average  28.5°  C). 

4.  At  low  temperature  (0  to  5°  C.)  the  period  of  viability  of 
Treponema  pertenue  is  very  limited  (less  than  thirty  minutes). 

5.  The  period  of  viability  on  and  in  the  body  of  flies  is  short. 

6.  The  inability  0/  Treponema  pertenue  to  survive  at  low  tem- 
perature is  given  as  one  of  the  factors  responsible  for  the  fact, 
that,  when  introduced  into  a  cold  country,  yaws  will  not  gain 
a  foothold. 
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TWO  PLATES  AND  EIGHT  TEXT  FIGURES 
I.  THE  METHOD  EMPLOYED 

Although  medical  authorities  still  differ  with  regard  to  a 
number  of  details  concerning  the  etiology  of  beriberi,  there 
is  a  very  general  consensus  of  opinion  to  the  effect  that  beriberi 
is  a  deficiency  disease,  produced  whenever,  in  the  absence  of  an 
adequate  mixed  diet,  highly  milled  rice  is  used  as  the  main  food 
staple,  and  that  the  disease  can  be  prevented  by  the  substitution 
of  a  sufficiently  undermilled  rice.  The  most  striking  illustration 
of  this  fact  with  which  we  are  familiar  is  the  case  of  the  Philip- 
pine Scouts.  For  a  number  of  years  (1902-1909),  while  they 
were  supplied  with  the  best  grade  of  highly  milled  rice,  beriberi 
was  the  most  important  cause  of  admission  to  sick  report  for 
these  native  troops,  the  incidence  often  reaching  as  high  as 
10  per  cent  of  the  entire  number  (5,000).     In  1910  the  substi- 

*  Read  at  the  seventh  congress  of  the  Far  Eastern  Association  of  Tro- 
pical   Medicine,    Calcutta,   India. 
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tution  of  undermilled  rice  was  made.  Beriberi  at  once  declined 
as  a  cause  of  admission  and  at  the  end  of  a  year,  when  the 
substitution  had  been  made  universally  effective,  beriberi  was 
completely  eradicated.  Since  that  time  undermilled  rice  only 
has  been  furnished,  and  during  all  these  years  beriberi  has 
completely  ceased  to  appear  among  these  troops,  although  they 
were  living  in  the  midst  of  a  population  where  beriberi  is  very 
common.  Similar  results  have  been  obtained  in  a  number  of 
civil  institutions  in  the  Philippines  as  well  as  in  other  countries. 

Such  experiences  led  several  sanitary  authorities  to  recom- 
mend legislation  by  the  various  countries  most  concerned,  which 
would  diminish  the  production  or  importation  of  highly  milled 
rice;  but  it  was  promptly  realized  that  no  such  law  could  be 
administered  without  a  satisfactory  legal  standard  for  beriberi- 
preventing  rices. 

Fraser  and  Stanton  originally  recommended  a  standard  of 
0.4  per  cent  phosphorus  pentoxide,  and  for  a  long  time  this 
standard  was  supposed  to  be  satisfactory.  Later  observations, 
by  Schuffner  and  Kuenen,(i)  and  McCarrison  and  Norris(2) 
and  others  have  shown  clearly  that  a  number  of  rices  containing 
04  per  cent  or  more  may  produce  beriberi.  Schuffner  and 
Kuenen(l)  stated  that  rice  should  contain  at  least  0.5  per  cent 
phosphorus  pentoxide.  It  is  unnecessary  to  dwell  on  this  point, 
for  all  will  agree  that  up  to  the  present  time  no  satisfactory 
standard  has  been  established. 

The  resolution  passed  by  the  Far  Eastern  Association,  of 
Tropical  Medicine  in  its  1925  meeting  included  statements  to 
the  effect  that  nothing  has  occurred  to  controvert  the  disappear- 
ance of  beriberi  when  an  adequate  diet  is  used ;  that  the  govern- 
ments concerned  should  encourage  research  toward  developing 
a  practical  test  to  distinguish  between  rices  that  may  cause 
beriberi  and  rices  that  may  prevent  beriberi  when  used  as  a 
staple  of  diet;  and  that  facts  be  collected  which  may  be  used 
in  classifying  rice  in  its  different  stages  in  the  process  of  milling. 

Beriberi  cannot  be  eradicated  without  legislation  in  the  coun- 
tries in  which  it  is  endemic,  and  legislation  waits  on  the  deter- 
mination of  a  satisfactory  standard  for  beriberi-preventing  rices. 
Therefore,  when  one  of  us  was  assigned  to  the  United  States 
Army  Medical  Department  Research  Board  at  Manila,  it  ap- 
peared that  this  was  the  most  important  problem  connected  with 
beriberi  awaiting  solution.  Work  was  commenced  in  October, 
1925,  and  was  continued  without  interruption  until  October,  1927. 
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Plan  of  the  work. — It  was  determined  to  procure  series  of 
two  hundred  samples  of  rice,  grown  in  different  localities  and 
of  all  degrees  of  milling.  These  rices  were  to  be  inspected  to 
determine  the  percentage  of  the  external  layers  of  the  grain 
still  adhering  to  them<,  and  were  to  be  submitted  to  chemical 
analysis.  At  the  same  time  they  were  to  be  fed  to  pigeons  to 
determine  their  actual  beriberi-producing  potentialities.  The 
chemical  analyses  and  the  feeding  experiments  were  to  be  carried 
on  independently,  and  the  results  so  obtained  subsequently  com- 
bined. The  actual  details  of  this  simple  plan  are  given  fully, 
in  order  that  there  may  be  no  question  as  to  how  the  results 
were  obtained. 

1.  Procurement  of  rice  samples. — Twenty  samples  were  pur- 
chased in  the  open  market.  These  samples  were  all  machine- 
milled,  but  came  from  widely  separated  localities  (three  were 
from  China) ,  and  the  degree  of  milling  was  by  no  means  uniform. 

Twelve  rices  were  secured  from  the  Quartermaster  of  the 
United  States  Army.  Seven  were  samples  of  undermilled  rice 
furnished  the  Philippine  Scouts  and  five  were  samples  of  choice, 
highly  milled  rice.  Each  sample  was  from  a  different  purchase 
by  the  Quartermaster  from  wholesale  dealers. 

Samples  10  to  15,  inclusive,  were  obtained  as  follows:  Two 
different  varieties  of  unhusked  rice  (palay)  were  taken  to  a 
primitive  mill  in  which  the  milling  of  rice  was  carried  on  by 
water  power.  As  the  water  wheel  revolved  it  lifted  heavy  pestles 
which  were  later  released  and  fell  into  stone  mortars.  Both 
of  these  samples  of  rice  were  submitted  to  this  milling  action 
for  varying  periods  of  time.  The  sample  first  removed  (No.  1) 
was  undermilled,  that  removed  next  (No.  2)  was  more  com- 
pletely milled,  and  the  third  and  last  (No.  3)  was  highly  milled 
white  rice.  By  consulting  the  tables  it  will  be  seen  that  both 
samples  of  rice,  when  undermilled,  prevented  the  appearance 
of  polyneuritis  when  fed  to  pigeons,  and  that  polyneuritis  oc- 
curred with  both  samples  when  highly  milled. 

Ten  samples  of  rice  (palay)  were  sent  to  us  from  Java, 
through  the  courtesy  of  General  H.  M.  Neeb  and  Dr.  P.  J.  S. 
Cramer,  director  of  the  Experiment  Station,  Department  of 
Agriculture,  Java.  These  samples  were  hand-pounded  in  Manila, 
thus  receiving  different  degrees  of  polishing. 

The  remaining  one  hundred  fifty-two  samples  were  procured 
for  us  by  Dr.  Stanton  Youngberg,  director  of  the  Bureau  of 
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Agriculture  of  the  Philippines.  These  samples  of  many  different 
varieties  of  rice  were  procured  from  various  islands  and  prov- 
inces of  the  Philippines,  and  were  all  hand-pounded,  so  that  no 
two  rices  were  precisely  similar  in  degree  of  milling.  We  wish 
here  to  express  our  obligation  to  Doctor  Youngberg.  Without 
his  cordial  and  continued  cooperation,  it  would  have  been  im- 
possible to  obtain  such  a  large  series  of  different  rices. 

Ten  kilograms  of  each  sample  of  rice  were  purchased.  The 
rice  was  kept  in  tightly  covered  tin  cans  in  a  dry  storeroom, 
and  each  can  labeled  with  the  serial  number  of  the  rice.  As 
experience  promptly  showed  that  weevils,  moths,  and  other 
insects  developed  in  rice  so  kept,  a  vial  of  chloroform  with 
a  loose  stopper  was  buried  in  each  sample.  The  escaping  vapor 
promptly  killed  all  insects,  and  the  rices  kept  in  this  manner  re- 
mained in  good  condition  during  the  one  hundred  days  that  the 
experiment  lasted. 

2.  Inspection  for  pericarp. — One  hundred  grains  of  rice,  taken 
at  random,  were  stained  with  Gram's  iodine  solution  for  one 
minute,  after  which  the  iodine  was  rinsed  off  with  water.  Each 
grain  was  then  examined,  and  the  amount  of  pericarp  remaining 
was  expressed  as  a  percentage,  the  whole  pericarp  with  the  rice 
embryo  intact  representing  100  per  cent.  This  method  appears 
very  rough  and  inaccurate,  yet  long  experience  in  selecting 
undermilled  rices  for  the  Philippine  Scouts  had  demonstrated 
the  fact  that  it  is  possible  in  this  way  to  pick  out  invariably  a 
grade  of  rice  that  will  prevent  beriberi.  The  results  of  this 
inspection  are  included  in  Table  1. 

3.  Chemical  analyses. — The  antineuritic  vitamin  is  undoubted- 
ly chiefly  contained  in  the  embryo  and  the  aleurone  layer  of  the 
rice  grain.  The  outer  layer,  the  pericarp,  contains  a  high  per- 
centage of  mineral  matter,  and  if  most  of  the  pericarp  is  retained 
the  embryo  is  often  also  present.  The  majority  of  the  fat  of 
the  grain  occurs  in  the  aleurone  layer.  For  these  reasons, 
the  chemical  estimation  of  mineral  salts  (ash)  or  fat  might 
be  as  good  an  index  as  phosphorus  pentoxide,  which  was  chosen 
only  because  the  phosphorus  of  the  grain  is  also  chiefly  contained 
in  these  external  layers.  None  of  these  substances  is  chemi- 
cally related  to  the  antineuritic  vitamin,  which  contains  no 
phosphorus,  fat,  or  mineral  salts.  This  vitamin,  however,  is 
a  nitrogenous  compound  and,  in  the  absence  of  any  direct  chemi- 
cal test  or  satisfactory  color  reaction  for  its  precise  quantitative 
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estimation,  there  was  a  possibility  that  amido-nitrogen  content 
might  prove  to  be  a  good  chemical  index.1  Total  nitrogen  is 
valueless  because  the  protein  of  rices  varies  considerably,  irres- 
pective of  the  vitamin  content.  The  methods  used  (Feliciano) 
were  as  follows: 

(1)  Moisture. — Determined  by  drying  a  known  weight  of 
sample  (5  grams)  in  an  electric  oven  at  100  to  105°  C.  until  a 
constant  weight  was  obtained.  The  loss  of  weight  represents 
the  moisture  present. 

{2)  Ash. — Ash  was  determined  by  properly  incinerating  the 
dried  sample  from  the  moisture  determination.  The  weight  of 
the  white  or  gray  residue,  free  from  carbon,  represents  the  ash 
content. 

(3)  Fat. — Fats  were  determined  by  extracting  a  weighed 
sample  of  dried,  finely  powdered  rice  with  pure  ether  in  a 
Soxhlet  apparatus  for  forty-eight  hours.  The  extract  was  freed 
from  ether  and  moisture,  and  weighed.  This  result  was  checked 
by  drying  the  extracted  rice  and  finding  the  loss  in  weight. 

(4)  Phosphorus  pentoxide. — One  gram  of  the  sample  is  car- 
bonized in  a  porcelain  dish.  Add  0.2  to  0.4  gram  magnesium 
nitrate.  Ash  until  white.  Place  the  dish  containing  the  ash 
in  a  beaker  of  400  cubic  centimeters  and  add  a  sufficient  quan- 
tity of  concentrated  nitric  acid,  immediately  followed  by  distilled 
water.  Heat  until  solution  is  obtained.  Neutralize  the  acid 
with  ammonia,  then  add  two  or  three  drops  of  concentrated  nitric 
acid.  Add  25  cubic  centimeters  of  the  molybdic  acid  solution. 
Stir  to  induce  precipitation,  and  let  stand  in  a  warm  place  at 
about  40°  C.  overnight.  Filter  through  purified  asbestos,  wash 
thoroughly  with  cold  water  until  free  from  acid,  then  transfer 
back  to  original  beaker.  Add  50  cubic  centimeters  distilled 
water  and  40  cubic  centimeters  N/10  sodium  hydroxide.  Heat 
until  precipitate  is  completely  dissolved.  Titrate  back  excess 
sodium  hydroxide  with  N/10  sulphuric  acid  using  phenolphtha- 
lein  as  indicator.     Calculate  as  phosphorus  pentoxide.2 

(5)  Nitrogen. — Nitrogen  was  determined  by  Gunning's  modi- 
fication of  Kjeldahrs  method. 

1  This  was  originally  suggested  by  Chamberlain,  Vedder,  and  Williams 
in,  A  third  contribution  to  the  etiology  of  beriberi,  Philip.  Journ.  Sci. 
§  B  7   (1912)   39. 

2  See  Official  and  Tentative  Methods  of  Analysis  of  the  Association  of 
Official  Agricultural  Chemists,  page  2. 
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(6)  Amido-nitrogen. — Albuminoid  nitrogen  is  determined,  and 
subtracted  from  the  total  nitrogen  to. obtain  the  amido-nitrogen. 

(7)  Albuminoid  nitrogen. — Place  0.7  gram  of  the  sample  in 
a  beaker.  Add  100  cubic  centimeters  water,  and  heat  in  a  steam 
bath  for  ten  minutes ;  add  a  quantity  of  cupric  hydroxide  reagent 
containing  about  0.5  gram  of  the  hydroxide;  stir  and  filter  when 
cold;  wash  with  cold  water,  and  without  removing  precipitate 
from  filter  determine  the  nitrogen  by  Gunning's  modification  of 
the  Kjeldahl  method.  The  filter  paper  used  must  be  free  of 
nitrogen.3 

All  results  were  calculated  on  the  original  weight  of  the  rice 
rather  than  on  the  dry  weight,  because  this  is  the  method  in 
general  use  in  determining  the  phosphorus  pentoxide  content  of 
rices  submitted  for  routine  analysis,  since  rice  is  not  sold  or 
consumed  by  dry  weight.  However,  the  percentages  by  dry 
weight  were  calculated  for  a  considerable  number  of  the  rices  in 
the  hope  that  this  more  accurate  method  would  reduce  the 
number  of  rices  producing  irregular  results.  It  was  found  that 
there  was  no  significant  difference  in  the  ultimate  results, 
whether  calculations  were  made  on  original  weight  or  on  dry 
weight. 

4  Feeding  experiments. — Pigeons  were  selected  for  feeding, 
because  they  are  even  more  susceptible  to  polyneuritis  than  fowls 
and  are  readily  handled.  Four  pigeons  were  fed  upon  each 
sample  of  rice,  allowing  them  all  that  they  would  eat.  A  jar  of 
water  was  in  each  cage,  but  no  other  food  was  given  or  was 
obtainable  by  the  birds.  The  birds  were  fed  and  observed  daily 
by  one  of  us  (Vedder),  and  the  date  on  which  each  bird  first 
developed  symptoms  of  polyneuritis  was  observed  and  entered 
in  a  notebook.  The  bird  was  watched  until  it  became  obviously 
paralyzed,  often  with  retraction  of  the  neck.  When  thus  on 
the  point  of  death,  the  bird  was  treated  by  administering  small 
amounts  of  rice  polishings  (tiki tiki)  or  an  extract  of  the  same. 
Prompt  recovery  after  this  treatment  was  almost  invariable  and 
confirmed  the  original  diagnosis  of  polyneuritis  (Plate  1).  In 
cases  of  death  without  obvious  symptoms  of  polyneuritis,  a  post- 
mortem examination  was  made  to  determine  the  cause  of  death, 
and  the  sciatic  nerves  were  removed  and  stained  by  the  Marchi 
method  to  determine  the  existence  of  degeneration.  In  any  case 
in  which  the  results  of  this  feeding  experiment  could  be  con- 

8  Op.  cit.,  Chapter  IX,  pars.  9  and  10. 
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sidered  doubtful,  because  of  loss  of  birds  from  intercurrent 
disease  or  for  other  reasons,  the  experiment  on  that  rice  was 
repeated  with  a  new  group  of  birds.  Therefore,  nearly  nine 
hundred  birds  were  used. 

The  pigeons  under  experiment  were  confined  in  groups  of 
four,  in  a  series  of  fifty-six  wire  cages  36  by  36  by  30  inches, 
placed  upon  a  concrete  foundation,  and  covered  by  a  galvanized- 
iron  roof.  Each  cage  was  numbered  and  provided  with  a 
bamboo  roost  and  a  similarly  numbered  wooden  box  to  hold 
the  rice.  The  cages  (shown  in  Plate  2)  were  ideal  for  the 
experiment  and  were  specially  constructed  by  the  Bureau  of 
Science  for  this  purpose.  We  desire  here  to  express  our  obli- 
gation to  Dr.  William  H.  Brown,  the  director  of  the  bureau,  for 
providing  us  with  these  cages,  and  for  facilitating  the  work 
in  every  possible  way. 

In  estimating  the  beriberi-producing  potentiality  of  a  rice 
there  are  two  factors  to  be  considered ;  namely,  the  number  of 
individuals  that  develop  the  disease,  and  the  rapidity  of  devel- 
opment of  the  disease.  An  attempt  has  been  made  to  { express 
both  of  these  factors  in  a  single  figure  called  the  beriberi- 
producing  factor.  The  number  of  birds  that  developed  beriberi 
was  expressed  as  the  percentage  of  the  total  number  used  in 
the  experiment,  and  this  percentage  was  divided  by  the  average 
number  of  days  elapsing  from  the  time  the  rice  was  first  fed 
until  the  first  symptoms  of  polyneuritis  appeared.  Thus,  the 
higher  the  percentage  of  the  birds  that  developed  beriberi,  and 
the  shorter  the  depletion  period,  the  greater  does  this  beriberi- 
producing  factor  become. 

Pigeons  may  occasionally  develop  polyneuritis  as  early  as 
fifteen  days  on  a  very  deficient  rice.  If  none  of  the  four  birds 
developed  polyneuritis  after  one  hundred  days  of  feeding,  it 
was  assumed  that  the  rice  afforded  sufficient  protection,  and 
the  experiment  was  discontinued.  In  this  connection  it  may 
be  emphasized  that,  as  pigeons  are  far  more  susceptible  to 
polyneuritis  than  is  the  human  race  to  beriberi,  it  may  reason- 
ably be  claimed  that  any  rice  that  protects  pigeons  from  poly- 
neuritis for  one  hundred  days  will  prevent  the  appearance  of 
beriberi  in  man,  even  when  used  as  an  exclusive  diet,  which 
is  seldom  the  case. 

The  results  of  this  work,  including  the  chemical  analyses 
of  each  rice,  with  the  effect  of  feeding  to  fowls,  are  presented 
in  Table  1.     The  figures  for  each  chemical  ingredient  were  also 
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arranged  in  sequence  from  the  lowest  to  the  highest  and  charted, 
together  with  the  beriberi-producing  factor  for  each  rice 
(figs.  1  to  8). 

II.  DISCUSSION 

1.  The  beriberi  factor. — Our  figures  for  the  beriberi  factor 
cannot  be  taken  as  an  accurate  quantitative  index  of  the  beriberi- 
producing  potentialities  of  these  rices,  as  is  evidenced  by  the 
irregularities  of  the  beriberi  line  in  the  charts.  Nevertheless, 
the  method  of  arriving  at  this  factor  is  believed  to  be  correct, 
and  the  inaccuracy  is  chiefly  due  to  the  fact  that  only  a  limited 
number  of  birds  of  various  ages  could  be  used  in  these  experi- 
ments with  the  cage  space  and  birds  at  our  disposal.  Had  it 
been  possible  to  feed  twenty  birds  of  the  same  age  on  each  rice, 
this  factor  would  have  been  more  accurate,  since  the  undoubted 
variation  in  individual  susceptibility  to  polyneuritis  would  have 
exerted  less  influence  on  the  result,  and  the  beriberi  line  on  the 
charts  would  have  been  much  smoother. 

Whatever  the  quantitative  error,  it  is  obviously  the  same  for 
all  of  the  chemical  constituents  of  each  rice  used,  and  therefore 
this  factor  may  be  employed  as  a  reliable  guide  to  the  determina- 
tion of  the  most  satisfactory  chemical  index  of  the  beriberi- 
preventing  rices.  By  viewing  the  charts  it  will  appear  that  no 
matter  whether  ash,  phosphorus  pentoxide,  or  fat  is  used  as 
indicator,  the  character  of  the  curve  is  the  same.  At  the  lowest 
figures  shown  by  the  chemical  analyses,  the  incidence  of  poly- 
neuritis is  high  and,  as  the  chemical  figures  rise,  the  line  indicat- 
ing the  amount  of  polyneuritis  drops.  An  irregular  zone  is  thus 
reached  for  each  chemical  index  where  some  rices  produced 
polyneuritis  and  other  rices  afforded  complete  protection.  Fi- 
nally, with  each  index  a  figure  is  reached  at  which  the  beriberi 
factor  drops  to  zero,  and  remains  there  for  every  rice  having 
that  particular  quantity  or  more.  Obviously  that  chemical  in- 
dex in  which  the  irregular  zone  is  reduced  to  a  minimum  will 
be  the  best. 

2.  Amount  of  pericarp  remaining  on  the  grain  as  determined 
by  staining  and  inspection. — The  staining-and-inspection  method 
is  quite  exact  for  completely  polished  rices  having  none  of 
the  external  layers  remaining  and  for  rices  having  these  external 
layers  practically  intact.  For  rices  having  from  5  to  50  per  cent 
of  their  external  layers  the  method  cannot  be  called  exact,  and 
is  probably  subject  to  at  least  a  10  per  cent  error.  That  is, 
it  would  probably  be  impossible  to  distinguish  between  rices 
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having  in  one  case  45  per  cent  and  in  another  case  50  per  cent 
pericarp ;  but  rices  having  30  and  50  per  cent,  respectively,  can 
be  readily  distinguished,  and  differences  bewteen  40  and  50  per 
cent  are  fairly  noticeable. 

It  is  also  possible  that  all  of  the  vitamin  is  not  always 
contained  exclusively  in  the  external  layers  of  the  rice,  and 
that  most  highly  milled  rices  still  contain  traces  of  vitamin. 
This  possibility  is  strongly  suggested  by  the  fact  that  pigeons 
fed  on  a  synthetic  diet  of  cornstarch  90  per  cent,  egg  albumen 
8  per  cent,  salt  mixture  1  per  cent,  and  cod-liver  oil  1  per 
cent  developed  polyneuritis  much  faster  than  when  fed  on  the 
most  highly  milled  rices.  Thus,  in  one  such  experiment,  all 
four  pigeons  developed  polyneuritis,  in  12,  14,  18,  and  18  days, 
respectively,  giving  a  beriberi  factor  of  6.4,  higher  than  the 
highest  (4.0)  obtained  from  the  use  of  any  rice  in  our  series. 
McCarrison  and  Norris  arrived  at  the  same  conclusion,  since 
washing  or  autoclaving  the  most  highly  polished  rices  increased 
their  capacity  to  produce  polyneuritis.  If  traces  of  vitamin 
occur  as  a  rule  in  such  highly  milled  rices,  certain  exceptional 
samples  may  contain  unusually  large  amounts,  sufficient  to  pre- 
vent the  development  of  beriberi. 

Such  unusual  rices  are  undoubtedly  the  cause  of  some  of  the 
irregularities  in  our  charts  and  may  be  responsible  for  the 
doubts  that  have  arisen  in  the  minds  of  some  sanitary  author- 
ities concerning  the  validity  of  the  theory  that  beriberi  is  caused 
by  a  deficiency  arising  from  the  consumption  of  highly  milled 
rice. 

Admitting  these  sources  of  error,  the  fact  still  remains  that, 
in  the  examination  of  the  two  hundred  rices  of  this  series  by 
this  method,  no  rice  having  50  per  cent  or  more  of  the  external 
layers  of  the  grain  produced  polyneuritis  when  fed  to  pigeons 
(fig.  1).  If  this  were  taken  as  a  standard  it  would  have 
excluded  seventeen  rices  that  afforded  complete  protection,  as 
follows:  One  rice  out  of  fifteen  having  only  10  per  cent;  five 
rices  out  of  seventeen  having  20  per  cent ;  two  rices  out  of  five 
having  25  per  cent;  three  rices  out  of  five  having  30  per  cent; 
two  rices  out  of  three  having  35  per  cent;  three  rices  out  of 
four  having  40  per  cent;  and  four  rices  out  of  five  having  45 
per  cent.  By  consulting  the  charts  it  will  be  seen  that  this 
method  of  determining  a  rice  that  will  prevent  beriberi  is  more 
accurate  than  either  ash,  phosphorus  pentoxide,  or  fat  used  as 
an  index.     This   is  a  complete   confirmation   of  previous   ex- 
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perience,  indicating  that  this  simple  inspection  of  rice  is  the 
best  method  for  selecting  a  rice  that  will  afford  protection. 

Since  pigeons  are  so  much  more  susceptible  to  polyneuritis 
than  the  human  race  is  to  beriberi,  it  seems  possible  that  any 
rice  having  30  per  cent  of  the  external  layers  remaining  on 
the  grain  will  prevent  human  beriberi.  The  rarity  of  beriberi 
when  hand-pounded  rice  is  eaten  is  therefore  readily  explainable.4 
Nevertheless,  in  purchasing  rice  for  the  Philippine  Scouts,  the 
endeavor  has  always  been  made  to  select  a  rice  having  the  ex- 
ternal layers  nearly  intact.  Of  the  seven  samples  used  in  this 
series  only  one  had  as  low  as  88  per  cent  of  the  external  layers, 
the  remaining  six  samples  ranging  from  92  to  98  per  cent. 

This  undoubtedly  accounts  for  the  uniform  success  in  the  pre- 
vention of  beriberi  in  the  Philippine  Scouts  since  1910,  when 
such  undermilled  rice  was  furnished.  This  method  is  there- 
fore to  be  recommended  as  the  best  and  simplest  for  use  in 
armies  and  institutions,  where  some  experienced  and  responsible 
official  can  make  the  examination.  Unfortunately,  it  cannot  be 
recommended  as  a  legal  standard,  because  the  administration 
of  a  law  cannot  depend  entirely  upon  the  judgment  of  any  single 
individual,  however  skilled  he  may  be. 

According  to  the  resolutions  formulated  by  the  sixth  congress 
of  the  Far  Eastern  Association  of  Tropical  Medicine,  some  ter- 
minology is  desirable  to  designate  these  various  degrees  of  mill- 
ing. Accordingly,  it  is  suggested  that  rices  in  the  process  of 
milling  may  be  stained  with  iodine  and  inspected,  and  that  those 
rices  having  from  0  to  20  per  cent  of  the  external  layers  be  called 
"highly  milled  rice;"  from  21  to  49  per  cent,  "medium-milled 
rice;"  and  from  50  to  100  per  cent,  "undermilled  rice."  These 
names,  besides  being  convenient,  would  correspond  to  the  facts 
with  regard  to  the  incidence  of  beriberi.  Beriberi  may  be  ex- 
pected to  be  prevalent  when  highly  milled  rice  is  used  as  a  dietary 
staple.  When  medium-milled  rice  is  so  used,  cases  of  beriberi 
may  not  occur  at  all,  or  may  sometimes  occur,  but  the  cases  will 
be  more  apt  to  be  sporadic.  When  undermilled  rice  is  used, 
beriberi  will  not  occur  at  all. 

3.  Amido-nitrogen  as  an  index. — The  determination  for  amido- 
nitrogen  appeared  to  bear  no  relation  to  the  beriberi-producing 

4  Of  course,  beriberi  may  occur  when  hand-pounded  rice  is  used,  provided 
the  pounding  is  carried  to  the  point  where  a  highly  milled  rice  is  produced. 
Of  the  152  samples  procured  through  the  Bureau  of  Agriculture,  which 
were  all  hand-pounded,  37  produced  polyneuritis  in  pigeons. 
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potentialities  of  the  rices.  Some  of  the  rices  having  the  highest 
amounts  of  amido-nitrogen  produced  polyneuritis,  while  a 
number  of  samples  having  no  amido-nitrogen  afforded  complete 
protection.  This  chemical  estimation  was  discontinued  after 
fifty  samples  were  tested,  of  which  thirty-five  were  in  this  series. 
The  actual  figures,  with  the  results  of  feeding,  are  included  in 
Table  1. 

U.  Ash  as  an  index. — No  polyneuritis  occurred  on  any  rice 
having  at  least  1.05  per  cent  of  ash.  However,  if  this  were 
taken  as  a  standard,  it  would  have  excluded  not  only  all  the 
rices  that  produced  polyneuritis,  but  also  fifty-eight  rices  that 
afforded  complete  protection.  The  zone  of  irregularity  covered 
ninety-six  rices,  or  almost  half  of  the  entire  number  (see  fig.  2). 

5.  Phosphorus  pentoxide  as  an  index. — No  polyneuritis  oc- 
curred on  any  rice  having  at  least  0.62  per  cent  phosphorus 
pentoxide.  This  standard  would  have  excluded  forty-five  rices 
that  afforded  complete  protection.  The  irregular  zone  was  also 
very  wide,  including  eighty-six  rices  (see  fig.  3) .  It  will  thus  be 
seen  that  the  phosphorus  pentoxide  standard  is  better  than  the 
ash,  but  is  not  nearly  so  good  as  the  fat  standard.  It  was 
evident  that  certain  highly  milled  and  beriberi-producing  rices 
might  contain  a  very  high  percentage  of  phosphorus;  forty- 
three  samples  that  produced  polyneuritis  contained  0.4  per  cent 
or  more  phophorus  pentoxide;  twenty-seven  samples  contained 
0.5  per  cent  or  more  phosphorus  pentoxide;  and  two  samples 
contained,  respectively,  0.60  and  0.61  per  cent.  Allowance  must 
be  made  for  the  fact  that  pigeons,  known  to  be  highly  susceptible 
birds,  were  used.  It  is  probable  that  some  of  these  rices  would 
have  protected  fowls,  and  still  more  probable  that  they  would  not 
have  caused  beriberi  in  man.  Nevertheless,  none  of  them  con- 
tained 50  per  cent  of  the  external  layers  of  the  grain,  and  three 
of  these  rices,  Nos.  26,  43,  and  92,  containing,  respectively,  0.43, 
0.49,  and  0.47  phosphorus  pentoxide,  were  the  so-called  "choice 
rice"  sold  by  the  Quartermaster,  which  anyone  could  identify 
at  a  glance  as  highly  milled  rice  that  would  produce  beriberi. 
It  is  obvious  that  the  old  standard  of  0.4  per  cent  is  too  low,  and 
that  an  acceptable  standard  must  lie  between  0.5  and  0.62,  pre- 
ferably at  the  higher  point,  since  we  can  at  least  assume  that 
no  rice  that  protects  pigeons  would  cause  beriberi  in  man. 

6.  Fat  as  an  index. — No  polyneuritis  occurred  with  any  rice 
having  at  least  1.28  per  cent  of  fat  or  more.  If  taken  as  stand- 
ard, this  would  have  excluded  twenty-five  rices  that  afforded  com- 
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plete  protection.  The  zone  of  irregularity  included  fifty-four 
rices  (fig.  4).  It  is  clear  therefore  that  the  percentage  of  fat 
would  constitute  a  better  index  for  a  beriberi-preventing  rice 
than  the  ash  or  the  phosphorus  pentoxide. 

A  satisfactory  standard  should  exclude  all  rices  that  produce 
beriberi  and  should  exclude  none,  or  at  least  very  few,  that 
afford  complete  protection.  Neither  the  ash,  the  phosphorus 
pentoxide,  nor  the  fat  fulfills  these  requirements.  There  re- 
mains the  possibility  that  some  combination  of  these  three  chem- 
ical determinations  would  be  better  than  either  one  alone; 
for,  when  a  highly  milled  rice  contains  an  unusually  high  per- 
centage of  phosphorus,  it  is  possible  that  either  the  mineral 
salts  or  the  fat  may  be  low,  and  thus  the  irregularities  of  any 
single  determination  would  be  corrected. 

7.  Phosphorus  pentoxide  plus  ash. — The  percentage  of  phos- 
phorus pentoxide  and  ash  were  added  and  the  total  so  obtained 
charted  as  before.  No  rice  containing  a  total  of  1.70  or  more 
phosphorus  pentoxide  plus  ash  produced  polyneuritis.  This 
standard  would  have  excluded  forty-three  rices  that  protected, 
and  the  zone  of  irregularity  included  eighty-four  rices  (fig.  5). 
This  combination  is  evidently  very  little  better  than  phosphorus 
pentoxide  alone. 

8.  Phosphorus  pentoxide  plus  fat. — When  these  were  totalled 
and  charted,  it  was  found  that  no  rice  having  1.77  per  cent 
or  more  of  combined  phosphorus  pentoxide  and  fat  produced 
polyneuritis  in  pigeons.  This  standard  would  have  excluded 
only  fourteen  rices  that  afforded  protection,  and  the  zone  of 
irregularity  included  forty  rices  (fig.  6).  This  is  a  distinct 
improvement  on  the  fat  alone,  and  it  is  evident  that  some  of 
the  irregularities  have  been  corrected  by  the  use  of  this  com- 
bined standard. 

9.  Phosphorus  pentoxide  plus  fat  plus  ash. — The  percentages 
of  these  three  ingredients  were  added  and  the  totals  charted. 
No  rice  having  a  total  of  2.70  or  more  produced  any  poly- 
neuritis when  fed  to  pigeons.  If  this  were  used  as  a  standard, 
only  thirteen  rices  that  afforded  complete  protection  would  be 
excluded.  The  zone  of  irregularity  included  only  thirty-nine 
rices  (fig.  7). 

10.  Two  fat  plus  phosphorus  pentoxide. — Since  the  fat  evi- 
dently formed  the  best  single  standard,  the  possibility  was 
considered  that  more  irregularities  might  be  corrected  if  the 
fat  were  given  a  greater  weight.     For  this  purpose,  the  per- 
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centage  of  fat  was  doubled  and  added  to  the  percentage  of  phos- 
phorus pentoxide.  No  rice  containing  a  total  of  3.07  or  more, 
so  figured,  produced  polyneuritis.  This  standard  would  have 
excluded  seventeen  rices  that  protected,  and  the  zone  of  irregu- 
larity included  forty-three  rices  (fig.  8).  This  standard  was 
evidently  somewhat  less  accurate  than  the  simple  addition  of 
the  percentages  of  fat  and  phosphorus  pentoxide. 

11.  Two  fat  plus  1  phosphorus  pentoxide  plies  1  ash. — The 
percentage  of  fat  was  doubled  and  added  to  the  percentage  of 
phosphorus  pentoxide  and  ash.  No  rice  having  a  total  of  3.94 
or  more,  so  computed,  produced  polyneuritis.  If  this  were  used 
as  a  standard,  thirteen  rices  that  afforded  protection  would 
be  excluded,  and  the  zone  of  irregularity  included  forty-four 
rices.  A  standard  derived  by  such  a  computation  is  obviously 
not  so  good  as  the  simple  total  of  phosphorus  pentoxide,  fat, 
and  ash,  which  is  the  best  standard. 

The  selection  of  the  most  suitable  index. — While  the  total  of 
phosphorus  pentoxide,  fat,  and  ash  placed  at  2.70  was  un- 
questionably the  best  chemical  index  for  this  series  of  two 
hundred  rices  (excluding  thirteen  rices  that  protected),  it  was 
only  slightly  better  than  the  sum  of  the  phosphorus  pentoxide 
and  fat  when  placed  at  1.77  (excluding  fourteen  rices  that 
protected).  Simplicity  is  also  worthy  of  consideration,  since 
the  more  complex  the  chemical  procedure,  the  greater  the  pos- 
sibility of  technical  error  and  the  more  time-consuming  the 
determination  of  the  index  of  a  given  rice.  Moreover,  the  ash 
is  the  poorest  single  index,  and  varies  more  than  any  other 
constituent,  since  it  depends  chiefly  upon  the  amount  of  min- 
eral salts  in  the  soil.  For  these  reasons  the  standard  of  1.77 
phosphorus  pentoxide  plus  fat  would  seem  the  more  desirable. 

Of  the  one  hundred  twenty-nine  rices  containing  this  amount 
or  more  of  phosphorus  pentoxide  plus  fat  that  afforded  com- 
plete protection  to  pigeons,  only  one  (No.  34)  contained  as  little 
as  0.4  per  cent  phosphorus  pentoxide.  This  standard  may 
therefore  be  improved  by  adding  the  proviso  that  the  amount 
of  phosphorus  pentoxide  must  be  at  least  0.4  per  cent. 

Using  the  percentage  of  phosphorus  pentoxide  alone  as  a 
standard,  all  rices  having  at  least  0.62  phosphorus  pentoxide 
afforded  protection.  Of  the  fourteen  rices  that  afforded  com- 
plete protection  having  less  than  1.77  phosphorus  pentoxide  plus 
fat  three,  Nos.  157,  149,  and  54,  had,  respectively,  0.62,  0.63, 
and  0.64  phosphorus  pentoxide.     The  standard  of  phosphorus 
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pentoxide  plus  fat  may  be  further  improved  by  a  proviso  in- 
cluding any  sample  of  rice  having  at  least  0.62  phosphorus 
pentoxide. 

Three  of  the  rices  having  less  than  1.77  phosphorus  pentoxide 
that  protected  pigeons  had  at  least  75  per  cent  of  the  external 
layers  of  the  grain  and  no  less  than  0.5  per  cent  phosphorus 
pentoxide  (No.  54,  75  per  cent;  No.  35,  77  per  cent;  and  No. 
22,  85  per  cent).  The  chemical  standard  might  be  improved 
by  including  any  rice  having  at  least  0.5  per  cent  phosphorus 
pentoxide  and  not  less  than  75  per  cent  pericarp. 

The  tentative  standard  for  beriberi-preventing  rice  would 
therefore  read  as  follows:  Any  rice  having  1.77  per  cent  of 
phosphorus  pentoxide  plus  fat,  but  not  less  than  0.k  per  cent 
phosphorus  pentoxide;  or  any  rice  having  not  less  than  0.62 
phosphorus  pentoxide;  or  any  rice  having  not  less  than  0.50  per 
cent  phosphorus  pentoxide  and  with  at  least  75  per  cent  of  the 
external  layers  of  the  grain  remaining. 

This  standard  may  be  considered  as  absolutely  safe  for  man, 
in  view  of  the  fact  that  such  rices  afforded  complete  protection 
to  pigeons  when  used  as  an  exclusive  diet.  Moreover,  this 
standard  excluded  only  nine  rices  that  afforded  protection  out 
of  a  total  of  two  hundred,  or  4.5  per  cent,  and  the  examination 
required  would  be  little  more  difficult  and  no  more  time-con- 
suming than  the  estimation  of  phosphorus  pentoxide  alone.  It 
is  believed  that  this  is  the  best  chemical  standard  that  can  be 
devised  in  the  absence  of  any  direct  method  of  estimating  the 
exact  amount  of  antineuritic  vitamin,  and  it  is  accordingly 
submitted  as  a  basis  for  discussion. 

III.  THE  EFFECT  OF  DEFECTS  IN  THE  STORAGE  OF  RICE  AND  IN  ITS 
PREPARATION  FOR  FOOD  ON  THE  PROPOSED  STANDARD 

The  determination  of  a  standard  for  beriberi-preventing  rice 
is  but  the  first  part  of  the  solution  of  the  administrative  problem. 
The  prevention  of  beriberi  in  native  populations  depends  not 
only  upon  the  provision  of  an  adequate  beriberi-preventing  rice, 
but  almost  equally  upon  the  provision  of  facilities  for  the  proper 
storage  of  such  rice  and  upon  correct  methods  of  its  preparation 
for  food. 

In  order  to  determine  the  effect  of  washing  rice,  ten  samples 
of  rice  were  analyzed  for  their  phosphorus  pentoxide  content, 
washed,  and  analyzed  again  after  washing.  The  method  of 
washing  was  a  follows :  The  rice  was  placed  in  a  saucepan  and 
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washed  with  running  water  until  the  water  came  away  clear, 
which  usually  required  about  five  minutes.  The  rice  was  then 
dried  with  an  electric  fan  until  all  excess  water  was  evaporated. 
The  rice  was  not  handled  or  stirred  during  the  washing.  The 
results  of  this  experiment  are  shown  in  Table  2,  and  it  will  be 
seen  that  in  every  case  the  phosphorus  pentoxide  content  was 
greatly  reduced.  Calculated  on  a  dry  basis,  all  ten  samples 
originally  contained  at  least  0.4  per  cent  phosphorus  pentoxide, 
while  after  washing  no  sample  contained  0.4  per  cent,  the 
average  loss  for  the  ten  samples  being  0.25  per  cent  phosphorus 
pentoxide.  Presumably  the  vitamin  content  of  these  rices  was 
similarly  reduced.  When  excess  water  is  used  in  cooking  and 
this  is  strained  off,  a  further  loss  of  phosphorus  pentoxide  and 
of  vitamin  occurs. 

Table  2. — Comparative  phosphorus  pentoxide  content  of  washed  and  un- 
washed rice. 


Sample  identification 
No. 

Before  washing. 

After  washing. 

Phospho- 
rus pento- 
xide con- 
tent. 

Moisture. 

Calculat- 
ed from 
sample  as 
received. 

Calculat- 
ed from 
dry  basis 
(a). 

Moisture. 

Washed 
samples, 
air  dried. 

Calculat- 
ed from 
dry  basis 
(&). 

Difference 
between 
(a)  and  (6). 

1 

P.  ct 
11.15 
11.00 
11.08 
11.56 
10.97 
12.07 
11.59 
11.46 
11.91 
11.54 

Pi  06  p.  ct. 
0.369 
0.402 
0.371 
0.426 
0.358 
0.402 
0.420 
0.396 
0.414 
0.408 

Pi  Oh  p.  ct. 
0.415 
0.451 
0.417 
0.482 
0.402 
0.457 
0.475 
0.447 
0.470 
0.461 

P.  ct. 
9.41 
8.73 
9.73 
8.23 
10.01 
8.33 
9.24 
9.92 
8.07 
9.81 

PiOsp.  ct. 
0.160 
0.187 
0.181 
0.191 
0.172 
0.171 
0.174 
0.157 
0.172 
0.230 

PiOtp.ct. 
0.177 
0.204 
0.201 
0.208 
0.191 
0.187 
0.192 
0.174 
0.187 
0.255 

P.  ct. 
0.238 
0.247 
0.216 
0.274 
0.211 
0.270 
0.282 
0.273 
0.283 
0.206 

2 

3 

4___ 

5 

6 

7 

8 

9 

10 

Previous  writers,  including  Schuffner  and  Kuenen  and  McCar- 
rison  and  Norris,  have  shown  that  prolonged  washing  or  soaking 
of  the  rice,  prior  to  cooking,  extracts  and  removes  a  considerable 
portion  of  its  vitamin,  and  that  an  originally  beriberi-preventing 
rice  may  be  thus  converted  into  a  beriberi-producing  rice.  This 
is  what  would  be  expected,  in  view  of  the  fact  that  the  antiberi- 
beri  vitamin  is  very  freely  soluble  in  water,  and  there  would 
be  no  necessity  for  emphasizing  this  point  except  for  the  fact 
that  ignorance  of  this  possibility  has  frequently  caused  con- 
fusion of  ideas  concerning  the  etiology  of  beriberi   and  has 
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thrown  suspicion  upon  the  validity  of  a  standard  for  beriberi- 
preventing  rice. 

At  the  1912  meeting  of  the  Far  Eastern  Association  of  Tropi- 
cal Medicine  at  Hongkong (3)  an  instance  was  related  of  two 
neighboring  institutions,  a  monastery  and  a  convent,  that  had 
been  supplied  with  the  same  rice.  There  was  no  beriberi  in 
the  monastery,  but  the  disease  was  prevalent  in  the  convent. 
We  were  later  informed  by  Dr.  Victor  G.  Heiser  that  on  investi- 
gation it  was  found  that  the  monks  were  not  very  particular  about 
washing  their  rice,  but  that  the  nuns,  with  true  feminine  in- 
sistence upon  cleanliness,  washed  their  rice  very  thoroughly,  and 
that  this  simple  procedure  was  the  explanation  of  the  peculiar 
incidence  of  beriberi  among  the  nuns. 

Again,  the  idea  has  been  advocated  that  beriberi  is  a  place 
disease,  depending  upon  some  other  factor  than  a  deficient  food 
for  its  production.  Thus  it  has  been  found  that  beriberi  is, 
and  has  been  for  many  years,  endemic  in  certain  narrow  tracts 
in  India,  and  that  the  disease  occurs  in  these  endemic  areas  even 
though  hand-pounded,  undermilled,  or  parboiled  rice  is  used. 

It  is  by  no  means  necessary  to  assume  that  beriberi  is  a 
place  disease,  or  that  its  etiology  is  any  different  in  India  than 
in  the  Philippines  or  other  countries,  in  order  to  explain  such 
facts.  Not  knowing  the  food  habits  in  India,  we  do  not  presume 
to  say  what  they  are;  but  it  can  hardly  be  wrong  to  assume 
that  the  people  in  such  endemic  regions  of  India  are  like  people 
everywhere  else  in  being  firmly  addicted  to  some  particular 
diet,  cooked  in  some  special  manner.  It  follows  that,  if  there 
be  any  deficiency  or  abnormality  in  the  diet  or  the  method  of 
cooking,  this  tendency  is  fixed  and  handed  down  from  generation 
to  generation,  and  that  this  alone  will  account  for  the  fact 
that  beriberi  is  endemic  in  certain  localities.  It  seems  probable 
that  excessive  washing  of  rice,  boiling  in  an  excessive  quantity 
of  water,  or  some  other  peculiarity  in  its  preparation,  is  sufficient 
to  account  for  the  incidence  of  beriberi  in  these  endemic  areas 
among  people  using  undermilled  or  parboiled  rice. 

Such  erroneous  food  habits  cannot  be  changed  by  sanitary 
regulations  and  can  be  changed  but  slowly  as  the  result  of  educa- 
tion, and  therefore  they  constitute  one  of  the  most  serious 
difficulties  in  the  eradication  of  beriberi  in  all  countries.  It  is 
to  obviate  such  difficulties  as  much  as  possible  that  we  have 
recommended  such  a  high  standard  for  a  beriberi-preventing 
rice.     A  lower  standard  would  undoubtedly  suffice  if  it  were 
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not  for  such  factors  as  excessive  washing,  pressure  cooking, 
and  other  procedures  that  cannot  be  foreseen ;  but  the  standard 
recommended  at  least  provides  a  considerable  margin  of  safety. 

At  least  the  storage  of  rice  is  subject  to  sanitary  regulation 
and  deserves  investigation.  Long  storage  alone  is  insufficient 
to  account  for  the  transformation  of  a  beriberi-preventing  rice 
into  a  beriberi-producing  rice.  In  previous  papers (4,  5)  it  was 
shown  that  fermented  undermilled  rice  might  still  be  capable  of 
preventing  polyneuritis  in  fowls,  and  that  undermilled  rice 
might  be  kept  for  one  year  in  a  damp  place  and  that,  although 
then  musty  and  unfit  for  human  consumption,  it  still  prevented 
the  development  of  polyneuritis  in  fowls  when  fed  as  an  ex- 
clusive diet.  On  the  other  hand,  numerous  apparently  well- 
authenticated  instances  have  been  related  in  which  more  or  less 
prolonged  storage  of  undermilled  rice  resulted  in  the  production 
of  beriberi.     An  explanation  of  this  discrepancy  is  desirable. 

During  the  course  of  the  experimental  work  on  the  determi- 
nation of  a  standard  for  beriberi-preventing  rice,  it  was  early 
noted  that  some  samples  of  rice  were  heavily  infested  with 
insects.  Twenty  of  such  heavily  infested  samples  were  selected 
for  a  special  series,  analyzed,  and  kept  in  cans  as  described 
previously,  except  that  no  chloroform  was  added  to  kill  the 
insects  which  were  permitted  to  live  in  the  rice.  These  rices 
were  fed  to  pigeons,  and  at  the  end  of  one  hundred  days,  when 
the  experiment  was  discontinued,  the  remainder  of  the  rice 
was  again  analyzed.  Samples  of  these  rices  were  submitted 
to  Mr.  W.  Schultze,  formerly  entomologist  of  the  Bureau  of 
Science,  for  identification  of  the  insects,  which  he  found  to  be — 

Rice  weevil,  Sitophilus  oryzae  Linn. 
Rice  moth,  Corcyra  cephalonica  Staint. 
Rust-red  flour  beetle,  Tribolium  ferrugineum  Fabr. 
Granary  weevil,  Sitophilus  granarius  Linn. 

The  results  of  this  experiment,  showing  the  analysis  of  the 
rice  before  feeding  and  at  the  conclusion  of  the  experiment, 
as  wrell  as  the  percentage  of  beriberi  produced  in  pigeons  and 
the  beriberi  factor  are  given  in  Table  3.  It  will  be  seen  that 
seven  rices,  Nos.  1,  2,  9,  11,  15,  17,  and  18,  each  contained  origin- 
ally more  than  1.77  per  cent  phosphorus  pentoxide  plus  fat  which, 
in  accordance  with  our  other  work,  should  have  prevented  poly- 
neuritis; nevertheless,  polyneuritis  occurred  with  every  rice 
used  in  this  series.  The  analysis  of  the  rice  remaining  at  the 
end  of  one  hundred  days  showed  that  in  no  case  was  the  content 
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of  phosphorus  pentoxide  plus  fat  as  high  as  it  was  at  first, 
nor  was  it  in  any  case  as  high  as  1.77  per  cent,  the  highest 
total  being  1.67  (No.  18) ;  nor  is  the  result  changed  if  we  take 
the  total  of  phosphorus  pentoxide,  fat,  and  ash.  Again,  seven 
rices  contained  originally  more  than  2.70,  whereas  at  the  conclu- 
sion of  the  experiment  the  highest  total  was  2.34  (No.  1). 

As  the  result  of  the  depredations  of  insects,  an  average  total 
of  2.61  was  reduced  to  1.71,  or  an  average  loss  for  each  sample 
of  rice  of  0.89  per  cent  phosphorus  pentoxide  plus  fat  plus 
ash.  Nor  does  this  indicate  the  full  extent  of  the  damage,  for 
the  insects  eat  the  outer  layers  of  the  grain  most  readily,  so 
that  those  rices  having  the  greatest  proportion  of  the  external 
layers  as  a  rule  suffered  the  greatest  loss.  Thus,  sample  No.  1 
lost  1.45  per  cent;  No.  2,  1.78;  No.  9,  1.80;  No.  10,  1.24;  No.  11, 
1.85;  No.  15,  0.90;  No.  17,  0.86;  No.  18,  0.75. 

From  the  figures  it  is  clear  that  a  beriberi-preenting  rice 
kept  in  storage,  under  such  circumstances  as  to  be  subject  to 
the  depredations  of  insects,  may  frequently  be  converted  into 
a  beriberi-producing  rice;  for,  as  the  insects  eat  away  the  ex- 
ternal layers  of  the  grain,  an  undermilled  rice  is  in  fact  con- 
verted into  a  highly  milled  rice.  The  external  layers,  being  the 
richest  food  supply,  are  evidently  preferred  by  insects,  and  this 
accounts  for  the  difficulty  in  storing  undermilled  rice.  I  was 
informed  by  the  Quartermaster  that  choice  rice  (highly  milled) 
could  be  stored  a  maximum  of  six  months,  while  the  undermilled 
rice  intended  for  the  Philippine  Scouts  could  never  be  stored 
more  than  three  months.  The  tendency  for  undermilled  rice 
to  become  infested  with  insects  is  the  main  reason  for  the  re- 
luctance of  rice  wholesalers  to  handle  such  rice,  and  some  practi- 
cal method  of  meeting  this  difficulty  must  be  forthcoming  if  the 
use  of  undermilled  rice  is  to  be  enforced. 

In  some  countries  where  milling  facilities  are  ample,  rice 
should  be  milled  only  as  it  is  required  for  consumption,  and 
undermilled  rice  should  not  be  stored  by  the  wholesaler  for 
longer  than  a  few  weeks.  Such  a  regulation  will  be  more  dif- 
ficult to  apply  in  other  countries  like  the  Philippines  where  the 
rice  mills  have  a  small  capacity  and,  accordingly,  the  rice  milled 
from  day  to  day  must  be  stored  until  a  sufficient  amount  ac- 
cumulates to  make  a  shipment.  In  any  case,  however,  long 
storage  of  rice  is  more  a  matter  of  convenience  to  the  dealer  than 
a  necessity.  The  United  States  Army  Quartermaster  has  found 
no  difficulty  in  securing  special  orders  of  undermilled  rice  for 
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the  Philippine  Scouts  at  frequent  intervals,  thus  avoiding  long 
storage.  If  undermilled  rice  were  produced  by  law,  dealers 
should  be  prevented  by  a  suitable  ordinance  from  keeping  it  in 
storage  for  long  periods  of  time. 

Infestation  by  insects  may  be  also  reduced  by  the  enforcement 
of  sanitary  regulations  in  rice  mills.  Insects  breed  freely  in 
accumulations  of  rice  polish  about  such  mills.  An  ordinance 
to  regulate  rice  mills  in  the  Philippines  provides  that,  in  every 
rice  mill  where  labor  is  employed,  all  refuse,  waste,  and  sweep- 
ings shall  be  removed  at  least  once  a  day,  and  that  an  insanitary 
condition  shall  be  deemed  to  exist  if  the  rice  in  the  process  of 
milling,  packing,  storing,  or  transporting  is  not  securely  pro- 
tected from  mold  and  the  development  of  weevils  and  beetles 
which  destroy  the  mealy  layer,  and  if  the  refuse,  dirt,  and  waste 
products  incident  to  the  milling,  storing,  or  transporting  of  rice 
are  not  removed  daily;  but  this  excellent  regulation  is  nowhere 
strictly  enforced. 

So  far  as  undermilled  rice  is  concerned,  even  the  strict  en- 
forcement of  this  regulation  would  not  entirely  prevent  the 
subsequent  development  of  insects  in  the  sacked  rice,  because 
the  grains  themselves  frequently  carry  the  eggs  that  have 
been  deposited  upon  them  in  the  field  before  the  rice  is  brought 
to  the  mill.  Ottow(6)  in  1915  recommended  the  use  of  carbon 
tetrachloride  as  a  preservative  for  undermilled  rice,  stating 
that  there  was  no  objection  to  the  use  of  this  substance  even  on 
a  large  scale.  For  this  purpose  a  wide-mouthed  bottle  or  tin 
containing  the  preservative  absorbed  by  cotton  was  introduced 
into  each  sack  of  rice.  This  killed  the  insects,  had  no  influence 
on  the  taste  or  smell  of  the  cooked  rice,  and  it  is  noninflammable. 
So  far  as  we  are  aware,  this  simple  method  has  never  been  given 
a  thorough  trial  in  any  other  country ;  it  is  at  least  worthy  of 
further  consideration. 

Another  method  that  has  been  recommended  and  widely  used 
in  the  United  States,  (7)  for  controlling  mill  insects  in  flour 
mills  and  grain  elevators,  is  the  use  of  heat.  It  has  been  found 
that  a  temperature  of  from  118  to  125°  F.,  maintained  for 
several  hours  to  enable  the  heat  to  penetrate  all  the  infested 
parts,  will  effectively  kill  all  insects  and  insect  eggs,  and  does  not 
injure  the  grain  in  any  way.  The  heat  is  obtained  from  steam 
pipes,  and  regulated  by  thermometers  in  various  parts  of  the 
building.  Such  heat  is  more  readily  applied  in  the  Tropics 
than  in  the  United  States. 
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One  of  the  largest  rice  dealers  in  Manila  has  agreed  to  give 
this  method  a  trial,  and  is  fitting  up  a  small  room  that  can  be 
tightly  closed  and  heated,  in  which  five  hundred  sacks  can  be 
treated  at  one  time.  If  this  experiment  is  successful,  a  fur- 
ther report  will  be  made. 

SUMMARY  AND  CONCLUSIONS 

1.  The  proportion  of  the  external  layers  remaining  on  a  given 
rice  may  be  determined  with  reasonable  accuracy  by  simple 
inspection  after  staining  with  Gram's  iodine  solution. 

2.  When  the  rices  of  this  series  were  examined  in  this  man- 
ner, it  was  found  that  no  rice  having  50  per  cent  or  more  of  the 
external  layers  of  the  grain  produced  polyneuritis  when  fed  to 
pigeons. 

3.  Human  beriberi  can  also  be  prevented  by  selecting  rice  in 
this  manner,  which  is  recommended  as  the  best  and  simplest 
method  for  use  in  armies  and  institutions.  It  cannot  be  recom- 
mended as  a  legal  standard. 

4.  This  method  may  also  be  used  during  the  milling  process 
to  determine  the  degree  of  milling,  since  it  requires  only  several 
minutes  to  apply  it. 

5.  It  is  suggested  that  rices  in  the  process  of  milling  or  as 
sold  be  classified  as  follows: 

a.  Highly  milled  rice.     Having  from  0  to  20  per  cent  of  the  external 

layers. 

b.  Medium-milled  rice.    Having  from  31  to  49  per  cent  of  the  external 

layers. 

c.  Undermilled  rice.     Having  from  50  to  100  per  cent  of  the  external 

layers. 

6.  The  results  obtained  in  this  study  indicate  that  amido- 
nitrogen  is  useless  as  a  chemical  index;  1.05  per  cent  ash  is 
a  poor  index;  0.62  per  cent  phosphorus  pentoxide  is  somewhat 
better;  and  1.28  per  cent  fat  is  the  best  single  chemical  index 
for  a  beriberi-preventing  rice. 

7.  The  chemical  index  proposed  for  beriberi-preventing  rice 
is:  Any  rice  having  1.77  per  cent  of  phosphorus  pentoxide  plus 
fat,  but  not  less  than  0.U  per  cent  phosphorus  pentoxide;  or  any 
rice  having  not  less  than  0.62  per  cent  phosphorus  pentoxide;  or 
any  rice  having  not  less  than  0.50  per  cent  phosphorus  pentoxide 
and  with  at  least  75  per  cent  of  the  external  layers  of  the  grain 
remaining. 
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8.  No  rice  of  this  series  possessing  these  requirements  pro- 
duced polyneuritis  in  pigeons,  and  this  standard  excluded  only 
nine  rices  out  of  two  hundred  that  afforded  protection  to  pigeons. 

9.  Since  pigeons  are  so  much  more  susceptible  to  the  deficiency 
of  antineuritic  vitamin  than  is  man,  and  since  man  seldom 
lives  on  rice  alone,  a  standard  that  will  protect  pigeons  will 
not  only  protect  man,  but  also  will  provide  a  factor  of  safety. 

10.  This  factor  of  safety  is  necessary  if  beriberi  is  to  be 
eradicated,  because  defects  in  the  storage  of  rice  or  in  its  prep- 
aration for  food  may  materially  reduce  its  vitamin  content. 

11.  Of  ten  rice  samples  tested,  thorough  washing  reduced  the 
phosphorus  pentoxide  content  from  an  average  of  0.447  to  an 
average  of  0.197  per  cent.  Presumably  the  vitamin  content 
was  similarly  reduced. 

12.  In  an  experiment  with  twenty  insect-infested  rices  stored 
for  one  hundred  days,  an  average  total  of  2.61  per  cent  (fat, 
phosphorus  pentoxide,  and  ash)  was  reduced  to  1.71,  and  seven 
undermilled  rices  that  should  have  prevented  polyneuritis  were 
converted  into  highly  milled  rices  that  produced  polyneuritis. 

13.  It  therefore  appears  probable  that  the  loss  of  vitamin 
during  long  storage  of  undermilled  rice  is  caused  by  the  depre- 
dations of  insects  that  eat  the  external  layers  of  the  grain. 
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ILLUSTRATIONS 

Plate  1 

Fig.  1.  Polyneuritis  in  one  of  the  pigeons  in  this   series  of  feeding  ex- 
periments. 
2.  The  pigeon  shown  in  fig.  1,  photographed  twenty-four  hours  later, 
cured  by  one  feeding  of  tikitiki. 

Plate  2 

Shed  and  cages  in  which  pigeons  were  kept  during  the  feeding  exper- 
iments. 

TEXT  FIGURES 

Fig.  1.  Chart  showing  percentage  of  the  external  layers  of  the  grain 
remaining  on  each  rice  (heavy  line)  and  the  beriberi  factor  for 
the  same  rices    (broken  line). 

2.  Chart  showing  the  percentage  of  ash  and  the  beriberi  factor  for 

each  rice. 

3.  Chart  showing  the  percentage  of  phosphorus  pentoxide  (P2O5)  and 

the  beriberi  factor  for  each  rice. 

4.  Chart  showing  the  percentage  of  fat  and  the  beriberi  factor  for 

each  rice. 

5.  Chart  showing  the  combined  percentages  of  phosphorus  pentoxide 

(P2O5)   and  ash  in  relation  to  the  beriberi  factor. 

6.  Chart  showing  the  combined  percentages  of  phosphorus  pentoxide 

(P205)    and  fat  and  the  beriberi  factor  for  each  rice. 

7.  Chart  showing  the  combined  percentages  of  phosphorus  pentoxide 

(P2O5)   and  total  ash  and  the  beriberi  factor  for  each  rice. 

8.  Chart  showing  the  percentages  when  the  percentage  of  fat  was 

doubled  and  added  to   the  percentage  of   phosphorus  pentoxide 
(P2O5)   compared  with  the  beriberi  factor. 
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THE  ABO-ABO  SOIL  OF  OCCIDENTAL  NEGROS 

By  M.  M.  Alicante 
Of  the  Division  of  Soils  and  Fertilizers,  Bureau  of  Science,  Manila 

ONE   PLATE   AND   ONE   TEXT   FIGURE 

INTRODUCTION 

At  the  meeting  of  the  Philippine  Sugar  Association  in  1926, 
the  question  regarding  the  abo-abo  soil  found  in  Occidental 
Negros  was  discussed  with  considerable  interest.  Abo-abo  is 
the  Visayan  name  for  ash,  and  the  soil  is  so  called  because  the 
surface  soil  has  an  ashlike  appearance.  During  the  course  of 
the  discussion  contradicting  opinions  were  heard.  It  was 
claimed  among  other  things  that  the  main  factor  responsible 
for  the  unproductivity  of  the  so-called  abo-abo  soil  was  the  lack 
of  organic  matter.  On  the  other  hand,  my  preliminary  finding, 
based  on  the  results  of  analysis  made  of  one  sample  of  abo-abo 
soil,  showed  the  presence  of  organic  matter  and  nitrogen  in 
considerable  amounts.  Because  of  the  importance  of  this  sub- 
ject from  the  agricultural  and  the  scientific  viewpoints,  further 
investigation  was  undertaken  and  the  results  obtained  are  pre- 
sented herein. 

PLAN  OP  INVESTIGATION 

The  present  paper  deals  with  the  physical,  chemical,  and  bio- 
logical properties  of  abo-abo  soil.  It  is  hoped  that  the  results 
from  this  work  may  give  some  clue  to  the  solution  of  the  abo- 
abo  problem  as  at  present  found  in  Occidental  Negros.  This 
investigation  was  started  in  January,  1927,  and  has  been  con- 
ducted in  accordance  with  the  following  plan : 

A.  Field  study. 

1.  Location  of  places  where  abo-abo  soil  is  found. 

2.  The  approximate  area  in  each  locality. 

3.  General  study  of  the  field,  including  its  topography,  drainage, 

vegetation,  etc. 

4.  Examination  of  soil  formation. 

5.  Collection  of  soil  sample  from  each  layer. 

6.  History  of  the  field,  fertilization,  cultivation,  production,  etc. 
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B.  Laboratory  studies. 

1.  Physical  studies. 

2.  Chemical  analyses  (surface  soil). 

3.  Mechanical  analyses  (surface  soil,  subsoil,  and  substratum). 

4.  Biological  studies. 

FIELD   STUDIES 
NATURE  OF  ABO-ABO  SOIL 

Abo-abo  soil  is  a  local  name  used  by  the  hacenderos  in  Negros 
for  a  type  of  soil  possessing  a  peculiar  characteristic.  Abo-abo 
is  found  in  several  places  in  Negros;  the  total  area  of  this  soil 
constitutes  but  a  small  portion  of  the  entire  sugar  land  of  Occi- 
dental Negros.  It  occurs  as  small  patches  in  the  fields,  from  a 
fraction  of  a  hectare  to  100  hectares  or  more  in  extent;  however, 
it  is  not  unusual  to  find  a  hacienda  of  300  hectares  or  more 
practically  made  up  entirely  of  abo-abo  soil. 

Abo-abo  is  a  black,  loose,  porous  soil.  In  the  places  examined 
where  this  type  occurs  three  distinct  layers  are  usually  found, 
as  follows :  The  surface  soil,  about  15  to  25  centimeters  deep,  is 
black,  very  fine  in  texture,  and  exhibits  a  porous  property;  the 
subsoil,  about  25  to  35  centimeters  deep,  is  a  fine  light  yellow 
sand ;  and  the  lower  stratum  consists  of  gravel  and  stones  mixed 
with  sand. 

HISTORY  OF  EACH  FIELD 

Hacienda  Alexandria,  La  Carlota. — The  abo-abo  soil  portion  of 
this  hacienda  covers  an  area  of  about  2  hectares.  This  portion 
is  level,  with  efficient  drainage.  This  hacienda  has  been  under 
cultivation  for  several  years,  and  the  cane  yields  have  been  very 
poor,  even  with  the  use  of  fertilizers.  Last  year  (1926), 
however,  Mr.  Luis  Jalandoni,  the  owner,  used  cane  varieties 
Badila  and  New  Guinea  24,  instead  of  Negros  Purple  as  in 
the  previous  years,  and  he  claims  that  a  higher  yield  was  ob- 
tained from  the  crop.  Because  of  this  result,  he  is  of  the 
opinion  that  the  abo-abo  soil  problem  in  Occidental  Negros  can 
be  solved  by  variety  tests  rather  than  by  fertilizer  application. 
Upon  examination  of  the  soil  by  digging  to  a  depth  of  about  1 
meter,  at  which  point  further  digging  met  with  difficulty  on 
account  of  the  rocky  stratum,  it  was  found  that  the  surface  soil 
is  10  to  16  centimeters  deep.  The  subsoil,  which  is  fine,  yel- 
lowish sand,  is  32  to  40  centimeters  deep.  This  layer  is  followed 
by  coarse  gravel. 
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V Surface  soil  1 5-25  cm. 


> Subsoil  25-35  cm. 


V  Substratum 


Fig.  1.     Profile  of  abo-abo  soil. 

Hacienda  Caman-og,  La  Carlota. — The  abo-abo  soil  occurs  in 
different  sections  of  the  hacienda.  It  practically  covers  about 
4  hectares.  The  owner  has  found  no  means  of  improving  this 
soil.  From  year  to  year  the  canes  in  this  soil  are  stunted.  The 
yield  has  been  very  poor,  even  with  the  use  of  commercial  fer- 
tilizers. The  soil  is  black,  and  very  loose  and  fine  in  texture. 
The  black  soil  extends  to  a  depth  of  about  15  to  25  centimeters, 
and  is  followed  by  yellow  sand  over  coarse  gravel. 
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Hacienda  Cainaman,  La  Carlota. — This  hacienda  has  about 
5  hectares  of  abo-abo  soil.  It  has  been  noticed  that  cane  in  this 
type  of  soil  grows  very  poorly.  Although  fertilizers  of  dif- 
ferent kinds  were  used  yet  the  yields  were  very  much  lower  than 
those  obtained  from  the  average  field  having  another  type  of 
soil.  The  soil  formation  was  examined  and  it  was  found  to 
possess  the  same  characteristic  as  that  of  similar  soils  previously 
examined. 

Hacienda  Conchita,  La  Carlota. — The  abo-abo  soil  portion  of 
this  hacienda  is  about  25  to  30  hectares.  In  spite  of  application 
of  fertilizers  of  different  brands  no  yield  has  been  obtained. 
Upon  digging  the  soil  it  was  found  that  the  surface  soil,  which 
is  black,  and  loose  and  fine  in  texture,  is  about  6  to  9  centimeters 
deep.  The  subsoil  consists  of  sand  and  gravel  and  extends  to 
a  considerable  depth. 

Hacienda  Jesusa,  Bacolod,  Murcia. — This  hacienda  has  an 
area  of  about  270  hectares,  150  hectares  of  which  are  abo-abo. 
The  whole  hacienda  is  slightly  rolling  land  and  is  all  under  cul- 
tivation. The  good  portion  of  the  hacienda  produces  from  60 
to  70  piculs  of  sugar  per  hectare,  while  the  abo-abo  portion 
gives  from  10  to  15  piculs  per  hectare.  In  spite  of  heavy  ap- 
plication of  commercial  fertilizers  the  abo-abo  fields  give  very 
poor  yields.  Upon  examination  of  the  soil  of  the  abo-abo  por- 
tion it  was  found  that  the  surface  soil  was  only  7  to  9  centi- 
meters deep  and  that  the  subsoil  was  of  sand  followed  by  gravel. 
The  several  borings  made  revealed  a  uniform  soil  formation. 

Hacienda  Cabangcalan,  Hawaiian  Philippine. — The  soil  of  the 
whole  hacienda  is  practically  all  abo-abo ;  it  has  been  abandoned 
for  several  years,  with  the  exception  of  a  few  hectares  that  are 
still  under  cultivation.  The  yields  from  the  cultivated  fields 
have  been  very  low.  Corn  was  tried  beside  cane,  but  the  corn 
yield  Was  also  poor.  In  the  uncultivated  area  grasses  are  found 
growing  very  thinly.  It  was  found  that  the  root  system  has 
not  penetrated  deeper  than  4  to  5  centimeters  within  the  surface 
soil.  The  surface  soil  is  15  to  20  centimeters  deep;  the  subsoil, 
which  is  yellow  sand,  extends  to  a  depth  of  35  to  40  centimeters, 
followed  by  gravel.  It  was  noticed  while  digging  that  the  sur- 
face soil  was  dry,  in  spite  of  the  fact  that  the  subsoil  was  very 
moist. 

LABORATORY  STUDIES 

In  working  with  a  soil  of  the  type  of  abo-abo  the  physical, 
biological,  and  chemical  properties  of  which  are  not  definitely 
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known,  it  is  important  that  a  determination  of  these  properties 
be  made  for  the  purpose  of  deciding  which  of  the  factors  are 
directly  or  indirectly  concerned  in  rendering  the  soil  unproduc- 
tive. The  physical  analysis  will  show  whether  the  soil  is  a 
favorable  medium  for  the  growing  plant  and  also  for  lower 
forms  of  life  the  activities  of  which  are  directly  concerned  in 
transforming  the  nonsoluble  into  available  plant-food  elements. 
The  chemical  analysis  will  show  the  presence  and  amount  of  the 
necessary  elements  for  plant  growth,  as  well  as  the  presence 
of  toxic  compounds  containing  aluminium,  iron,  and  manganese. 
These  compounds  have  a  detrimental  effect  on  the  growth  of 
the  plant  and  will  also  cause  the  precipitation  of  food  elements 
out  of  soil  solution,  thus  rendering  them  nonavailable  for  the 
use  of  the  plant.  The  biological  analysis  will  show  the  pres- 
ence or  absence  of  the  proper  microorganisms  concerned  in  the 
process  of  formation  of  available  food  elements;  it  will  also 
show  the  degree  of  microbiological  activities.  This  point  is  very 
important,  especially  in  relation  to  the  crop-producing  power  of 
the  soil,  because  there  is  a  certain  stage  in  the  period  of  growth 
where  the  plant  needs  a  maximum  supply  of  food  and,  unless 
such  need  be  supplied  in  time,  the  plant  suffers. 

All  analyses  (physical,  chemical,  and  biological)  were  made 
in  accordance  with  standard  methods.  All  determinations  were 
made  in  duplicate. 

PHYSICAL  TESTS 

The  results  obtained  from  the  physical  tests  of  abo-abo  soil 
are  as  follows : 

Specific  gravity: 

Absolute  or  real  1.85 

Apparent  0.52 

Pore  space,  per  cent  71.90 

Water-holding  capacity,  per  cent  58.23 

Rate  of  percolation,  cubic  centimeter  per  minute  0.3 

Expansion,  per  cent  5.0 
Rate  of  evaporation: 

Free  water  surface,  cubic  centimeter  per  minute  0.16 

Soil  surface,  cubic  centimeter  per  minute  0.13 

Hygroscopic  moisture,  per  cent  12.48 

The  above  figures  clearly  show  the  peculiar  characteristic  of 
the  abo-abo  soil.  The  soil  is  very  light,  having  an  apparent 
specific  gravity  of  0.52,  which  is  very  low  as  compared  with 
that  of  an  average  normal  soil.  The  percentage  of  pore  space 
obtained  indicates  that  this  soil  is  very  loose,  thus  encouraging 
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excessive  evaporation;  the  rate  is  0.13  cubic  centimeter  per 
minute  while  the  free  water  surface  under  the  same  conditions 
is  0.16  cubic  centimeter  per  minute.  The  water-holding  capaci- 
ty, 58.23  per  cent,  is  considered  normal,  when  compared  with 
the  results  obtained  from  a  series  of  tests  conducted  with  normal 
soils.  The  rate  of  percolation  is  high,  0.3  cubic  centimeter  per 
minute.  Of  course,  this  result  is  to  be  expected  of  porous  soil. 
The  rate  of  expansion,  however,  is  far  above  that  of  the  average 
soils  of  normal  productivity- 

CHEMICAL  ANALYSES 

The  results  of  chemical  analysis  obtained  from  a  number  of 
determinations  are  the  following: 

Per  cent. 

Total  nitrogen  0.529 

Soluble  nitrogen  Trace 

Nitrate  nitrogen  Trace 

Ammonia  nitrogen  Nil 

Total  phosphoric  anhydride   (P206)  0.866 

Total  potash  (K20)  0.602 

Aluminium  oxide   (A1203)  20.03 

Iron  oxide  (Fe203)  7.05 

Manganese  oxide  (MnaCX)  0.15 

Acidity  0.04 

Humus  23.20 

Alpha,  HC1  insoluble  11.06 

Beta,  HC1  soluble  12.14 

Total  carbon  13.19 

Inorganic  0.02 

Organic  13.17 

Organic  matter  22.98 

The  chemical  analysis  shows  that  abo-abo  soil  possesses  a 
high  potential  fertility,  even  higher  than  that  of  most  Philippine 
productive  soils.  The  most  essential  plant  food  elements,  such 
as  nitrogen,  phosphorus,  and  potassium,  are  present  in  suffi- 
cient amounts  for  at  least  normal  production.  The  soil  is 
found  to  contain  considerable  amounts  of  aluminium  and  iron 
compounds.  Judging  from  the  nature  of  the  soil  solution,  which 
is  acidic  in  reaction  (0.04  per  cent  of  titrable  acid),  part  of 
these  compounds  is  rendered  soluble.  It  has  been  proven  by 
various  investigations  that  the  presence  of  a  sufficient  amount 
of  soluble  aluminium  and  iron  compounds  in  the  soil  produces  a 
toxic  effect  on  crops.  Whether  this  is  the  case  in  abo-abo  soil 
I  am  not  in  a  position  to  say  without  further  investigation  on 
the  subject. 
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According  to  the  method  of  humus  determination  by  Selman 
A.  Waksman,1  two  forms  of  humus  are  present  in  abo-abo  soil ; 
the  alpha,  or  hydrochloric  acid  insoluble,  and  the  beta,  or  hydro- 
chloric acid  soluble.  This  soil  was  found  to  contain  11.06  per 
cent  alpha  humus  and  12.14  per  cent  beta  humus. 

The  total  carbon  analysis  shows  a  small  amount  of  inorganic 
carbon,  which  is  mostly  carbonate  carbon,  but  a  very  high 
amount  of  organic  carbon,  13.17  per  cent,  which  indicates  the 
presence  of  a  great  quantity  of  organic  matter.  Upon  computa- 
tion from  the  organic  carbon  obtained  the  soil  was  found  to 
contain  22.98  per  cent  organic  matter. 

MECHANICAL  ANALYSIS 


Per    cent. 

Surface  soil,  15-25  centimeters: 

Coarse  sand,  1-0.5  millimeter 

1.0 

Medium  sand,  0.5-0.25  millimeter 

9.9 

Fine  sand,  0.25-0.10  millimeter 

27.6 

Very  fine  sand,  0.10-0.05  millimeter 

18.7 

Silt,  0.05-0.005  millimeter 

37.3 

Clay,  0.005  millimeter 

5.5 

Subsoil,  sandy,  25-35  centimeters: 

Coarse  sand 

22.4 

Medium 

29.7 

Fine  and  very  fine  sand 

47.9 

Silt 

Nil 

Clay 

Nil 

Substratum,  35  centimeters: 

Gravel 

98.0 

Coarse  and  medium  sand 

2.0 

Fine  sand 

Nil 

Very  fine  sand 

Nil 

Silt 

Nil 

Clay 

Nil 

The  analysis  shows  that  the  surface  soil  contains  a  very 
small  amount  of  clay.  From  the  standpoint  of  tillage  it  is  one 
of  the  most  desirable  types  of  soil  to  work ;  but  with  regard  to 
moisture  content  it  may  not  be  a  good  type  of  soil,  because  of 
its  high  rate  of  evaporation.  The  physical  study  of  both  the 
subsoil  and  the  substratum  shows  that  there  is  little  or  no 
capillary  connection  between  the  surface  soil  and  the  water 
below  as  the  two  lower  strata  are  mostly  sand  and  gravel. 
Under  these  conditions,  no  matter  how  much  the  yearly  pre- 

1  On  the  origin  and  nature  of  soil  organic  matter  or  soil  humus :  II. 
Method  of  determining  humus  in  the  soil,  Soil  Sci.  22  (1926)   22. 
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cipitation,  this  type  of  soil  will  always  lack  available  moisture 
as  after  rains  the  water  readily  percolates  through  the  soil  and 
is  not  drawn  up  again  by  capillary  attraction  as  the  surface 
soil  dries. 

BIOLOGICAL  ANALYSIS 

A  comparative  study  to  determine  the  microbiological  prop- 
erty, especially  the  nitrifying  power,  consisted  in  incubating  a 
definite  amount  of  treated  and  untreated  soil  for  thirty  days 
under  optimum  moisture  and  temperature  conditions.  During 
the  period  of  incubation  both  the  moisture  and  the  temperature 
were  kept  constant.  After  thirty  days'  incubation  the  soil  was 
analyzed  for  nitrate  nitrogen,  and  the  amount  of  nitrification 
was  computed  from  the  nitrate  nitrogen  obtained  as  compared 
with  the  nitrogen  added.  The  conditions  under  which  the  ex- 
periment was  conducted  are  as  follows : 

Soil  without  treatment. 

Soil  treated  with  lime  (CaC03). 

Soil  treated  with  organic  nitrogenous  material  (copra  cake). 

Soil  treated  with  organic  nitrogenous  material  and  lime. 

Soil  treated  with  inorganic  nitrogenous  material  (ammonium  sulphate). 

Soil  treated  with  inorganic  nitrogenous  material  and  lime. 

Several  determinations  were  made  for  each  condition  or  set 
of  conditions  and  the  figures  reported  herein  represent  the  aver- 
age result  of  all  the  determinations  for  each  set  (Table  1). 


Table  1. — Results  of  biological  analyses  of  abo-abo  soils. 

Laboratory  No. 

Treatment. 

Nitrate  ni- 
trogen mg. 
per  100  g. 
soil. 

Added  nitrogen  nitrified. 

100-110     -   _  -   _- 

100  grams  soil 

Trace. 

0.3011 

0.3279 

1.454 

Trace. 

Trace. 

Per  cent. 

0.06,  of  original  nitrogen. 

0.81 

3.46 

120-290 

100  grams  soil  +   0.2  grams  lime 
(OC03) 

300-490  

100  grams  soil  -f-  1.2  grams  copra 
cake  +  0.2  grams  lime 

500-590 

1 00  grams  soil  +  0.2  gram  ammo- 
nium sulphate  +  0.2  gram  lime. 
100  grams  soil  -f-  1.2  grams  copra 

cake 

600-690  

700-790  

100  grams  soil  -f-  0.2  gram  ammo- 
nium sulphate 

When  ammonium  sulphate  and  copra  cake  were  each  applied 
to  the  soil  their  nitrogen  content  was  not  nitrified  after  thirty 
days'   incubation   under   favorable   moisture   and   temperature 
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conditions.  When  soil  alone  was  incubated  under  the  same 
favorable  conditions,  a  very  small  degree  of  nitrification  was 
noticed.  However,  with  the  addition  of  lime  to  the  soil  the 
nitrification  process  was  accelerated  to  a  small  degree.  For 
instance,  the  original  nitrogen  of  the  soil  was  nitrified  0.06 
per  cent,  that  of  copra  cake  0.81  per  cent,  and  that  of  ammonium 
sulphate  3.46  per  cent.  The  degree  of  nitrification  of  ammo- 
nium sulphate  is  much  higher  than  that  of  copra  cake,  but  such 
a  result  is  to  be  expected ;  it  simply  shows  that  the  two  materials 
differ  in  the  number  of  stages  of  decomposition  through  which 
they  pass  in  the  process  of  nitrification.  Copra  cake  must  pass 
through  at  least  five  stages  before  nitrate  production  is  accom- 
plished, while  ammonium  sulphate  must  pass  through  only  three 
stages. 

The  results  obtained  indicate  that  the  microbiological  prop- 
erty of  this  soil  is  far  below  normal.  The  conversion  of  un- 
available nitrogen  is  very  much  slower  than  it  is  in  other  soils, 
and  therefore  the  amount  of  available  converted  nitrogen  is 
even  smaller  than  the  minimum  intake  of  this  element  by  any 
ordinary  crop. 

GENERAL  DISCUSSION  OF  RESULTS 

A  careful  study  of  the  results  from  the  foregoing  experiments 
and  observations  shows  that  one  of  the  outstanding  factors 
responsible  in  rendering  the  abo-abo  soil  unproductive  is  the 
physical  property  of  the  surface  soil  which  encourages  excessive 
evaporation  and  a  high  rate  of  percolation,  in  combination  with 
the  unusual  soil  formation  of  sandy  subsoil  and  gravel  sub- 
stratum. The  above  phenomena  indicate  very  clearly  that  the 
surface  soil  will  always  be  deprived  of  available  water.  During 
a  heavy  precipitation  all  the  excess  water  is  being  percolated 
below  and,  by  virtue  of  the  characteristic  of  the  lower  strata, 
this  percolated  water  has  little  chance  to  go  up  and  maintain 
the  equilibrium  of  available  water  supply  in  the  surface  soil 
during  the  period  of  excessive  evaporation,  thus  resulting  in 
the  permanent  wilting  of  the  crop. 

From  the  chemical  consideration  it  is  quite  unusual  for  such 
a  soil  as  abo-abo,  the  total  organic  matter  content  of  which  is 
high,  to  exhibit  a  high  rate  of  evaporation ;  but  it  should  be  borne 
in  mind  that  there  are  two  forms  of  organic  matter  (natural 
and  soil  organic  matter),  and  both  forms  may  exist  in  the  soil 
at  the  same  time.     The  natural  organic  matter  consists  of  ani- 
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mal  and  plant  residues,  which  when  added  to  the  soil  undergo 
rapid  decomposition,  while  the  soil  organic  matter  is  derived 
from  organic  substances  mostly  from  plant  life  and,  owing  to 
unfavorable  environment  conditions,  it  becomes  mineralized  and 
is  resistant  to  the  action  of  soil  microorganisms  for  further 
decomposition.  A  soil  may  contain  a  considerable  amount  of 
total  organic  matter;  but,  if  it  is  mostly  the  resistant  form, 
the  physical  property  of  the  soil  with  regard  to  the  retention  of 
moisture  will  not  be  materially  improved.  The  low  percentage 
of  clay  in  abo-abo  soil  indicates  the  lack  of  colloidal  materials 
which,  when  present,  help  to  check  the  maximum  loss  of  water 
from  the  soil. 

A  series  of  biological  tests  shows  that  the  reaction  of  the 
soil  hinders  the  activities  of  the  different  organisms  concerned 
in  the  processes  of  decomposition  for  the  conversion  of  nonavail- 
able  food  elements  into  a  state  in  which  they  become  available 
for  the  plant. 

SUMMARY 

The  results  of  all  the  tests  and  analyses  conducted  with  the 
abo-abo  soil  reveal  the  following  fundamental  facts : 

1.  Due  to  the  peculiar  physical  characteristic  of  the  surface 
soil,  the  rate  of  evaporation  and  percolation  become  high,  thus 
greatly  reducing  the  available  water  supply  in  the  surface  soil 
for  the  use  of  the  plant. 

2.  During  the  period  of  low  precipitation  and  high  evapora- 
tion, the  available  water  supply  in  the  surface  soil  is  limited, 
because  of  the  unusual  formation  of  the  lower  strata — sandy 
subsoil  and  gravel  substratum — which  prevents  the  transmis- 
sion of  water  by  capillarity  from  below  to  the  surface  soil. 
Under  this  condition  the  crop  suffers,  not  only  from  lack  of 
moisture,  but  also  from  serious  lack  of  plant  food. 

3.  The  porosity  of  the  abo-abo  soil  is  primarily  due  to  the 
absence  of  a  sufficient  amount  of  colloidal  materials.  The  pres- 
ence of  colloidal  materials  increases  the  retentive  and  absorptive 
power  of  a  soil. 

4.  The  different  soil  organisms  concerned  in  the  formation  of 
available  plant  foods  are  rendered  inactive  by  the  unfavorable 
reaction  of  the  soil  solution  present  in  abo-abo  soil. 

5.  The  limited  water  supply  in  the  surface  soil  and  the  un- 
favorable soil  reaction  are  the  factors  responsible  for  rendering 
any  commercial-fertilizer  application  in  abo-abo  soil  ineffective. 
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RECOMMENDATIONS 

After  taking  into  consideration  the  outstanding  factors  di- 
rectly concerned  with  the  abo-abo  problem,  the  following  recom- 
mendations are  offered  in  the  hope  of  improving  the  productive 
capacity  of  abo-abo  lands: 

1.  During  the  wet  season  of  the  year  the  land  should  be 
seeded  with  legumes,  especially  mongo,  cowpeas,  or  soy  bean. 
When  the  plants  begin  to  flower,  ground  limestone  should  be 
applied  at  the  rate  of  1  to  2  tons  per  hectare ;  the  legumes  should 
then  be  plowed  under,  the  plowing  to  be  as  deep  as  possible. 
With  the  proper  amount  of  moisture  present  in  the  soil  the 
green  organic  matter  will  undergo  practically  complete  decom- 
position after  three  or  four  weeks'  time. 

2.  In  places  where  mud  press  is  plentiful,  the  application  of 
2  to  3  tons  of  this  per  hectare  will  materially  improve  the  phys- 
ical property  of  abo-abo  soil.  The  mud  press  should  be  spread 
over  the  land  and  then  plowed  under.  With  the  application 
of  mud  press  the  colloidal  materials  of  abo-abo  soils  will  be  in- 
creased, thus  increasing  the  retentive  and  absorptive  power  of 
the  soil. 

3.  The  use  of  ammonium  sulphate  and  nitrate  of  soda,  sup- 
plemented with  green  manure,  may  prove  effective  in  this  type 
of  soil. 

4.  The  use  of  lime  alone  helps  materially  in  improving  the 
abo-abo  soil  conditions,  but  has  not  been  as  effective  as  when 
applied  in  combination  with  green  manure  or  nitrogenous  organic 
materials. 


ILLUSTRATIONS 

Plate  1.  The  Layers  of  Abo-abo  Soil 

Fig.  1.  Substratum,  gravel. 

2.  Subsoil,  sand,  25  to  35  centimeters  deep. 

3.  Coarse  materials  mixed  with  surface  soil. 

4.  Surface  soil,  15  to  25  centimeters  deep. 

TEXT  FIGURE 

Fig.  1.  Profile  of  abo-abo  soil. 
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PLATE   1.     THE    LAYERS   OF    ABO-ABO    SOIL. 


Fig.   1.    Substratum,   gravel;    2,    subsoil,    sand,   25   to   35   centimeters   deep;    3,    coarse    material 
mixed   with   surface   soil;   4,   surface   soil,   15   to  25   centimeters  deep. 


CHAULMOOGRYL  DERIVATIVES  OF  LACTATES  AND 
SALICYLATES 

By  Simeona  Santiago 
Of  the  Bureau  of  Science,  Manila 

and 

Augustus  P.  West 

Professor  of  Chemistry,  University  of  the  Philippines 

Various  derivatives  of  chaulmoogric  acid,  such  as  esters  and 
anilides,  have  been  made  from  chaulmoogra  oil.  In  the  present 
investigation  a  few  double  esters  containing  the  chaulmoogra 
radical  were  prepared.  The  method  of  preparation  consisted 
in  treating  the  esters  of  lactic  and  salicylic  acids  with  the  acid 
chloride  of  chaulmoogric  acid.  The  compounds  thus  obtained 
were  chaulmoogryl  derivatives  of  lactates  and  salicylates.  Our 
results  seem  to  indicate  that  these  substances  can  be  prepared 
rather  easily,  but  they  have  a  tendency  to  decompose  in  hot 
summer  weather  unless  they  are  kept  in  a  cool  place.  The  new 
compounds  prepared  in  this  research  will  be  tested  for  their 
therapeutic  value. 

EXPERIMENTAL  PROCEDURE 

The  chaulmoogra  oil  used  in  this  investigation  was  prepared 
from  the  seeds  of  the  Philippine  variety  of  chaulmoogra  known 
as  Hydnocarpus  alcalde  C.  de  Candolle.  Dr.  H.  I.  Cole,  of  the 
Philippine  Bureau  of  Health,  very  kindly  shipped  a  supply  of 
the  oil  to  us  from  the  Culion  Leper  Colony. 

The  chaulmoogric  acid  and  acid  chloride  of  chaulmoogric  acid 
were  prepared  according  to  the  procedure  used  by  Santiago  and 
West x  in  a  recent  investigation  of  chaulmoogra  anilides.  Chaul- 
moogra oil  (600  grams)  was  saponified  with  alcoholic  potassium 
hydroxide  (200  grams  dissolved  in  80  cubic  centimeters  of  water 
and  800  cubic  centimeters  of  aldehyde-free  alcohol).  The  mix- 
ture was  heated  (reflux)  on  a  water  bath  for  about  four  hours, 
after  which  the   excess  alcohol   was   removed   by   distillation. 

1  Philip.  Journ.  Sci.  33   (1927)  265. 
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The  residual  soaps  were  decomposed  with  dilute  sulphuric  acid 
(1:4)  and  the  free  acids  extracted  with  ether.  The  ether 
extract  was  dehydrated  with  anhydrous  sodium  sulphate,  after 
which  the  solution  was  distilled  to  eliminate  the  ether.  The 
residue  was  treated  with  gasoline,  and  the  precipitated  resins 
were  separated  from  the  acid  by  filtering.  The  gasoline  was 
then  removed  by  distillation  and  the  residue  crystallized  several 
times  from  alcohol  (95  per  cent) .  The  melting  point  was  68°  C. 
The  acid  chloride  of  chaulmoogric  acid  was  prepared  by  treat- 
ing melted  chaulmoogric  acid  (20  grams)  with  phosphorus 
trichloride  (2.2  cubic  centimeters).  The  reaction  was  finished 
in  about  fifteen  minutes.  The  reaction  product  was  filtered 
through  glass  wool  to  remove  the  viscous  phosphorous  acid,  and 
the  clear  filtrate  consisting  of  the  acid  chloride  of  chaulmoogric 
acid  (about  18  grams)  was  allowed  to  drop  slowly  into  an  ester 
of  lactic  or  salicylic  acid. 

CHAULMOOGRYL  METHYL  LACTATE 

,CH=CH 

CH3H(\  XCH0— CH2 

NCOOCH3 

Methyl  lactate  (3.8  cubic  centimeters)  was  treated  with  the 
acid  chloride  of  chaulmoogric  acid  (about  18  grams)  prepared 
as  previously  described.  The  mixture  was  heated  (reflux)  in  a 
Crisco  bath  at  a  temperature  of  about  120  to  140°  C.  until  there 
was  no  further  evolution  of  hydrogen  chloride  gas.  During  the 
heating  a  tube  containing  calcium  chloride  was  placed  in  the 
top  of  the  condenser  to  prevent  the  access  of  atmospheric  mois- 
ture. It  required  about  four  days  to  complete  the  reaction. 
The  reaction  product,  when  cooled,  changed  to  a  black  solid 
mass.  This  was  then  crystallized  from  methyl  alcohol  to  which 
bone  black  was  added  to  decolorize  the  solution.  About  5  grams 
of  anhydrous  sodium  sulphate  were  also  added  to  the  solution  to 
remove  small  quantities  of  colloidal  matter  which  appeared  to 
be  present.  The  product  was  then  crystallized  twice  from 
methyl  alcohol  containing  bone  black.  The  excess  alcohol  was 
evaporated  and  removed  by  exposing  the  solution  to  the  breeze 
of  an  electric  fan.  The  crystals  obtained  from  the  concentrated 
solution  gave  a  melting  point  of  from  51  to  54°  C.     The  yield 
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was  10  grams,  which  was  equivalent  to  about  38  per  cent  of 


e  theoretical  yield. 

Analysis : 

Carbon. 

Hydrogen. 

Per  cent. 

Per  cent. 

Calculated  for  C^H^O,                                          72.13 

10.38 

Found                                                                       71.39 

9.61 

CHAULMOOGRYL  ETHYL  LACTATE 

/CH=CH 

/OOC  (CH„)12CH<            | 
CH3CH^                 "           \CH„— CH, 

COOC2H5 

Ethyl  lactate  (4.5  cubic  centimeters)  was  treated  with  the 
acid  chloride  of  chaulmoogric  acid  (about  18  grams)  as  in  the 
previous  experiment.  The  mixture  was  heated  (reflux)  in  a 
Crisco  bath  at  a  temperature  of  140  to  160°  C.  until  there  was 
no  further  evolution  of  hydrogen  chloride  gas.  The  time  re- 
quired to  complete  the  reaction  was  about  four  days.  The  black 
reaction  product  was  crystallized  once  from  methyl  alcohol  con- 
taining bone  black  and  anhydrous  sodium  sulphate  and  several 
times  from  methyl  alcohol  containing  only  bone  black.  When 
the  solution  was  concentrated  by  evaporation,  the  crystals  ob- 
tained gave  a  melting  point  of  from  54  to  57°  C.  The  yield 
was  9  grams,  which  was  equivalent  to  about  33  per  cent  of  the 
theoretical  yield. 

Analysis  : 

Carbon.  Hydrogen. 

Per  cent.  Per  cent. 

Calculated  for  C^oO*  72.63  10.53 

Found  73.39  10.40 

CHAULMOOGRYL  ETHYL  SALICYLATE 

.CH=CH 

/OOC  (CtD12CH<  I 

0-C«HA  "  XCH,— CH2 

xCOOC2H5 

As  we  did  not  have  any  ethyl  salicylate  in  our  stock  room 
we  prepared  this  compound  by  dissolving  salicylic  acid  (30 
grams)  in  absolute  alcohol  (100  cubic  centimeters)  and  adding 
8  cubic  centimeters  of  concentrated  sulphuric  acid  to  the  solu- 
tion. The  mixture  was  heated  (reflux)  on  a  water  bath  for 
about  two  hours,  after  which  the  excess  alcohol  was  removed 
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by  distillation.  The  reaction  product  was  then  poured  into 
about  150  cubic  centimeters  of  water  and  neutralized  with  sodium 
carbonate  solution.  The  ester  was  then  extracted  with  ether 
and  the  ether  extract  dehydrated  with  anhydrous  sodium  sul- 
phate. After  filtering  out  the  dehydrating  agent,  the  ether  was 
removed  by  distillation.  The  ester  was  then  distilled  and  the 
fraction  boiling  between  220  and  227°  C.  was  collected. 

Chaulmoogryl  ethyl  salicylate  was  made  by  treating  ethyl 
salicylate  (6  cubic  centimeters),  prepared  as  previously  de- 
scribed, with  the  acid  chloride  of  chaulmoogric  acid  (about  18 
grams).  The  mixture  was  heated  (reflux)  in  a  Crisco  bath  at 
a  temperature  of  about  160  to  180°  C.  The  reaction  product 
when  purified  consisted  of  crystals  which  melted  at  48  to  51°  C. 
The  yield  was  5  grams,  which  was  equivalent  to  about  16  per 
cent  of  the  theoretical  yield. 

Analysis : 

Carbon.  Hydrogen. 

Per  cent.  Per  cent. 

Calculated  for  C^H^  75.70  9.35 

Found  74.98  9.32 

CHAULMOOGRYL   N-BUTYL   SALICYLATE 

.CH=CH 

/OOC  (CH0)12CH         <  I 

xCOOCH2CH2CH2CH3 

In  the  preparation  of  this  compound,  the  normal  butyl  ester 
of  salicylic  acid  was  made  first,  after  which  this  substance  was 
treated  with  the  acid  chloride  of  chaulmoogric  acid.  The  nor- 
mal butyl  ester  of  salicylic  acid  was  made  in  the  following 
manner:  Salicylic  acid  (45  grams)  was  dissolved  in  absolute 
normal  butyl  alcohol  (150  cubic  centimeters)  and  the  solution 
was  treated  with  12  cubic  centimeters  of  concentrated  sul- 
phuric acid.  The  mixture  was  heated  (reflux)  and  allowed  to 
boil  gently  for  about  two  hours.  The  reaction  product  was 
then  treated  with  a  concentrated  solution  of  calcium  chloride 
until  all  the  excess  butyl  alcohol  was  precipitated.  The  mixture 
was  then  extracted  with  ether  and  the  excess  acid  was  neutral- 
ized with  sodium  carbonate  solution.  The  ether  extract  was 
dehydrated  with  anhydrous  sodium  sulphate  and  the  ether  re- 
moved by  distillation.  The  ester  was  distilled  in  vacuum 
(about  10  millimeters  pressure)  and  the  fraction  boiling  between 
136  and  138°  C.  was  collected. 
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Chaulmoogryl  w-butyl  salicylate  was  prepared  by  treating 
4  cubic  centimeters  of  the  freshly  prepared  n-butyl  salicylate 
with  the  acid  chloride  of  chaulmoogric  acid  (about  18  grams). 
The  method  of  preparation  was  about  the  same  as  that  used 
for  preparing  the  other  double  esters.  The  mixture  was  heated 
(reflux)  in  a  Crisco  bath  at  a  temperature  of  about  180  to  190° 
C.  for  five  days.  The  reaction  product  when  purified  consisted 
of  crystals  which  melted  at  from  49  to  50°  C.  The  yield  was 
9  grams,  which  was  equivalent  to  about  27  per  cent  of  the 
theoretical  yield. 

Analysis : 

Carbon.        Hydrogen. 
Per  cent.        Per  cent. 

Calculated  for  C^EUCh  76.32  9.65 

Found  75.71  9.66 

In  addition  to  the  chaulmoogryl  lactates  and  salicylates  re- 
corded in  this  paper,  four  other  chaulmoogryl  salicylates  were 
prepared.  They  were  the  chaulmoogryl  methyl,  phenyl,  amyl, 
and  isoamyl  salicylates.  The  method  of  preparation  was  similar 
to  that  employed  in  making  the  chaulmoogryl  butyl  and  ethyl 
salicylates.  Unfortunately,  these  substances  were  made  during 
the  hot  season  and,  shortly  after  they  were  purified,  they  began 
to  decompose  slowly  and  acquire  a  slightly  rancid  odor.  When 
these  substances  were  analyzed  to  check  the  formulas,  the  per- 
centage of  carbon  and  hydrogen  found  was  about  3  per  cent 
lower  than  the  theoretical  percentage  of  these  constituents. 
Since  these  impure  compounds  gave  unsatisfactory  analyses, 
the  results  are  not  included  in  this  paper. 

SUMMARY 

Two  chaulmoogryl  lactates  and  two  chaulmoogryl  salicylates 
were  prepared  in  this  investigation;  namely,  chaulmoogryl 
methyl  lactate,  chaulmoogryl  ethyl  lactate,  chaulmoogryl  ethyl 
salicylate,  and  chaulmoogryl  n-butyl  salicylate. 

Chaulmoogryl  methyl  lactate  was  made  by  treating  methyl 
lactate  with  the  acid  chloride  of  chaulmoogric  acid.  Chaul- 
moogryl ethyl  lactate  was  obtained  in  a  similar  manner  by  the 
interaction  of  ethyl  lactate  and  the  acid  chloride  of  chaulmoogric 
acid.  By  treating  ethyl  and  w-butyl  salicylates  with  the  acid 
chloride  of  chaulmoogric  acid  chaulmoogryl  ethyl  salicylate  and 
chaulmoogryl  n-butyl  salicylate  were  obtained. 

Our  results  indicate  that  these  double  esters  can  be  prepared 
rather  easily,  but  they  have  a  tendency  to  decompose  in  hot 
summer  weather  unless  they  are  kept  in  a  cool  place. 
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Agriculture,  Manila 

FOUR  PLATES  AND  FOUR  TEXT  FIGURES 

In  August,  1924,  a  serious  disease  of  santol  seedling,  Sando- 
ricum  koetjape  Burm.  f.  (S.  indicum  Cav.),  was  noted  in  seed 
beds  at  the  Singalong  Experiment  Station  of  the  Bureau  of 
Agriculture,  Manila,  P.  I.  The  disease  is  caused  by  a  species 
of  Phytophthora  hitherto  not  reported  on  this  host  and,  as  far 
as  known,  occurs  only  at  that  place.  It  is  outwardly  manifested 
by  blights  on  the  different  parts  of  the  young  seedlings,  which 
finally  collapse  and  decay.  The  same  trouble  recurred  the  fol- 
lowing year  with  so  much  virulence  that  it  attracted  much 
attention. 

ECONOMIC  IMPORTANCE  OF  THE  DISEASE 

The  extent  of  damage  to  the  santol  seedlings  has  now  been 
observed  at  the  Singalong  station  for  two  successive  years. 
Actual  counts  made  in  a  seed  bed  1.35  by  1.5  meters  showed 
that  90  per  cent  of  the  seedlings  were  either  dead  or  dying. 
In  another,  much  larger  seed  bed,  1.35  by  6.2  meters,  all  of  the 
seedlings  showed  the  disease,  the  majority  of  them  being  dead 
and  the  remainder  spindling.  The  two  varieties  of  sweet  santol, 
locally  known  as  bulakan  and  lamao,  were  both  badly  infected. 

In  a  neighboring  seed  bed  of  Para  rubber  plants,  Hevea 
braziliensis  (HBK.)  Muell.-Arg.,  a  fungus  causing  a  similar 
disease  was  incidentally  encountered  and  the  organisms  were 
isolated.  This  was  later  found  to  be  produced  by  the  fungus 
that  causes  the  santol  disease. 

SYMPTOMS  OF  THE  DISEASE 

The  disease  manifests  itself  at  a  distance  as  a  leaf  blight 
followed  by  collapse  of  the  plant.  Close  examination  shows 
depressed  lesions  on  the  petioles,  stem,  and  cotyledons  (Plate 
1).     In  badly  diseased  seed  beds  frequently  only  the  stumps  of 
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the  seedlings  remain.  The  first  point  of  attack,  which  can 
be  readily  recognized  by  the  typical  lesions,  may  occur  on  any 
part  of  the  plant  above  the  ground. 

On  the  leaf. — The  first  visible  symptoms  of  the  disease  when 
starting  on  the  leaves  are  small  brown  specks  varying  from 
circular  to  irregular  in  shape.  Any  part  of  the  leaf  may  be 
attacked,  but  the  leaf  veins,  midrib,  and  petiole  seem  to  be  the 
parts  more  easily  affected.  As  the  spots  enlarge  they  bceome 
more  or  less  greenish  brown  and  dry  up  like  parchment.  A 
great  part  of  the  leaf  area  may  thus  become  brown,  and  in  some 
cases  the  entire  leaf  may  curl  up.  The  drying  of  the  diseased 
portions  takes  place  during  sunny  days  following  heavy  rains. 
Under  very  moist  conditions,  as  when  inoculated  plants  are 
placed  under  bell  jars,  a  kind  of  wet  decay  may  develop  rather 
than  a  blight,  and  defoliation  may  also  be  more  rapid.  Re- 
gardless of  the  point  of  origin  on  the  leaf,  the  disease  progresses 
more  rapidly  toward  the  stem,  thus  readily  involving  the  tender 
shoots.  In  case  the  first  infections  occur  on  the  petioles,  the 
leaves  fall  off  as  soon  as  the  disease  has  invaded  the  point  of 
their  attachment  to  the  stem,  although  overlapping  leaves  in 
crowded  plantings  are  frequently  found  fastened  together  by 
fungus  hyphse. 

On  the  stem. — Lesions  on  the  stem  appear  as  elongated 
greenish  brown  depressions,  commonly  found  below  and  above 
the  cotyledons.  These  may  cause  a  conspicuous  general  wilting 
of  the  leaves  occasioned  by  interference  with  the  water  supply. 

On  the  cotyledons. — These  parts,  from  which  the  young  plants 
obtain  their  food  supply  before  the  appearance  of  the  leaves, 
remain  firmly  attached  for  a  considerable  length  of  time  and 
are  very  readily  attacked  by  the  fungus.  In  fact,  many  of  the 
cotyledons  were  found  diseased,  the  aerial  growth  of  the  fungus 
on  them  being  very  evident  (Plate  2,  fig.  1).  As  they  shrivel 
the  disease  invades  the  stem. 

CONDITIONS  FAVORING  DEVELOPMENT  OF  THE  DISEASE 

The  disease  has  been  repeatedly  observed  during  rainy  days 
followed  by  warm  weather,  the  conditions  during  the  month  of 
August  being  very  favorable  to  its  rapid  development.  At  this 
time  of  the  year  the  weather  is  warm  and  moist.  Crowded 
planting  increases  the  severity  of  the  infection.  Plants  grown 
in  poorly  drained  plots  under  the  shade  of  bamboo  slats  were 
seriously  damaged. 
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DISSEMINATION  OF  THE  FUNGUS 

The  repeated  occurrence  of  the  disease  in  the  seed  beds,  but 
never  in  the  seed  flats  placed  on  benches  about  a  meter  above  the 
ground  and  protected  with  a  roof,  indicates  that  rain  has  an  im- 
portant bearing  upon  the  spread  of  the  fungus,  since  the  spores 
may  be  readily  carried  in  the  dropping  water  or  may  be  splashed 
up  on  the  plants  from  the  soil.  Cultivation  and  other  operations 
in  the  seed  beds  will  also  spread  the  disease  if  no  precautions 
be  taken,  while  close  planting  facilitates  the  contamination  of 
the  neighboring  plants.  Under  such  conditions  leaves  overlap 
and  come  in  contact,  thus  offering  easy  passage  for  the  fungus 
from  one  leaf  to  another.  This  is  readily  evidenced  by  the 
frequent  binding  together  of  diseased  leaves  by  the  fungus 
mycelia.  Insects  may  also  act  as  carriers  of  the  disease,  and 
the  use  of  seedlings  obtained  from  infected  seeds  may  likewise 
spread  the  disease  to  other  places. 

ISOLATION  OF  THE  CAUSAL  ORGANISM 

A  species  of  Phytophthora  and  a  number  of  other  fungi  were 
isolated  from  the  diseased  areas,  but  inoculations  have  shown 
that  only  the  Phytophthora  is  capable  of  reproducing  the  disease. 
The  isolations  were  made  by  cutting  out  with  a  flamed  scalpel 
portions  of  young  lesions  occurring  on  shoots,  stems,  and  coty- 
ledons of  diseased  plants.  After  sterilizing  the  surface  of  the 
portions  by  immersing  for  twenty  to  thirty  seconds  in  a  1 :  1000 
mercuric  chloride  solution,  the  portions  were  rinsed  three  times 
in  sterile  water  and  plated  on  hard  potato-glucose  agar  +1  or 
on  corn  meal.  A  very  uniform  growth  of  fungus  such  as 
Phycomycetes  produce  was  obtained  in  almost  all  of  the  plant- 
ings, and  transfers  were  made  from  there  which  exhibited  the 
most  uniform  appearance.  The  growth  was  most  luxuriant  on 
oatmeal  agar  prepared  according  to  Clinton's (l)  method  as  modi- 
fied by  Rosenbaum.(2)  Pure  cultures  were  then  obtained  by 
using  the  plate-dilution  method,  only  single  spore  growths  pre- 
viously located  under  the  microscope  having  been  selected.  In 
this  manner  the  Phytophthora  was  repeatedly  isolated  during 
the  month  of  August  for  two  successive  years,  1924  and  1925. 

PROOF  OF  PATHOGENICITY  TO  SANTOL 

Santol  seedlings  of  the  bulakan  and  lamao  varieties  were 
grown  in  pots  of  sterilized  soil.  These  were  used  for  the 
inoculation  experiments. 
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On  September  8,  1925,  seedlings  in  one  pot  were  inoculated 
by  placing  bits  of  fungus  hyphse  on  the  young  shoots  and  some 
on  the  leaves  and  cotyledons.  Bits  of  agar  containing  the 
fungus  mycelium  were  also  used  on  some  of  the  plants.  These 
inoculated  plants  were  kept  under  a  bell  jar  for  three  days. 
Check  plants  were  also  set  out  under  the  same  conditions.  On 
September  11,  three  days  after  the  inoculation,  infection  was 
very  evident  in  all  of  the  inoculated  plants.  Characteristic 
brown  lesions  on  the  shoots  (Plate  3,  fig.  2),  petioles,  and 
cotyledons  were  very  clearly  shown,  particulary  on  the  cotyle- 
dons, where  the  fluffy  aerial  growth  of  the  fungus  was  con- 
spicuous (Plate  3,  fig.  1) .  Quicker  infection  was  obtained  where 
hyphse  in  bits  of  agar  were  employed.  The  controls  or  checks 
remained  normal   (Plate  2,  fig.  3). 

In  one  week  the  inoculated  plants  had  very  few  leaves  left 
and  most  of  them  were  dead  (Plate  2,  fig.  2).  After  the  leaves 
had  fallen  to  the  ground  and  decayed  the  disease  progressed 
downward  on  the  stem.  The  plants  inoculated  on  the  cotyledons 
succumbed  more  quickly,  wilting  as  soon  as  the  infection  de- 
veloped far  enough  on  the  stem.  All  the  inoculated  plants 
showed  marked  blighting  nearly  identical  to  that  occurring 
naturally  in  the  seed  beds. 

Another  set,  consisting  of  four  pots  of  santol  seedlings,  was 
inoculated  in  the  same  manner  except  that  the  plants  were 
kept  under  very  moist  conditions  by  placing  vessels  of  water 
beside  the  pots  under  the  bell  jars.  Under  these  conditions  the 
disease  developed  much  more  quickly  and  the  plants  were 
completely  defoliated  in  a  short  time.  The  disease  here  was  in 
the  nature  of  a  wet  rot  rather  than  a  typical  blight. 

On  July  29,  1926,  another  lot  of  santol  seedlings  grown  in 
large  pots  of  sterilized  soil  was  inoculated.  The  seedlings  in 
the  three  pots  were  inoculated  in  the  same  manner  as  in  pre- 
vious years  and  kept  under  bell  jars  for  three  days.  The  checks 
were  also  set  out  under  the  same  conditions.  All  of  the  plants 
were  then  kept  under  partial  shade.  The  results  were  the  same 
as  those  in  the  previous  inoculations. 

In  all  cases  Phytophthora  was  reisolated  from  the  inoculated 
plants,  while  the  controls  remained  normal. 

INOCULATION  OF  OTHER  SPECIES  OF  PLANTS  WITH  THE  SANTOL 

PHYTOPHTHORA 

Several  species  of  the  genus  Phytophthora  are  known  to  at- 
tack a  large  number  of  hosts.     In  order  to  see  if  this  is  true 
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with  respect  to  the  santol  Phytophthora,  seedlings  of  various 
plants  grown  in  sterilized  soil  in  pots  were  inoculated  with  the 
fungus.  Checks  were  always  kept  under  the  same  conditions 
as  those  governing  the  inoculated  plants.  Reisolation  of  the 
fungus  from  the  infected  plants  was  made  in  every  case. 

The  seedlings  were  found  to  be  susceptible  in  the  following 
order : 

Hevea  brasiliensis  (HBK.)  Muell.-Arg.  (Para  rubber) ;  blight  on  shoot. 

Brassica  juncea  (Linn.)   Coss.   (pechay) ;  slight  wet  rot. 

Raphanus  sativus  Linn,   (radish) ;  slight  wet  rot. 

Lycopersicum  esculentum  Mill,  (tomato) ;  very  slight  damping  off. 

Solarium  melongena  Linn,   (eggplant) ;  very  slight  damping  off. 

Vigna  sesquipedalis  Linn,   (sitao) ;  infection  confined  to  wounds. 

Phaseolus  sp.   (bean) ;  infection  confined  to  wounds. 

Pisum  sativum  Linn,   (chicharo) ;  no  infection. 

Cucurbita  maxima  Dusch.  (squash) ;  no  infection. 

Momordica  charantia  Linn,  (ampalaya) ;  no  infection. 

Carica  papaya  Linn,  (papaya) ;  no  infection. 

Beta  vulgaris  Linn,  (beet) ;  no  infection. 

As  shown  by  the  results  of  these  cross  inoculations  the  santol 
Phytophthora  does  not  appear  to  affect  many  species  of  plants. 

DESCRIPTION  OF  THE  FUNGUS 

Mycelium. — On  various  sterilized  plant  tissues  and  agars  the 
fungus  produces  both  aerial  mycelium  and  submerged  mycelium, 
the  young  mycelium  being  granular  and  hyaline.  Submerged 
mycelium  is  much  branched  or  gnarled  when  grown  on  hard 
potato-dextrose  agar  +1  (Plate  4,  fig.  1).  Characteristic  of 
the  species  of  Phytophthora  young  hyphae  are  ccenocytic  and 
occasionally  with  streaming  granular  protoplasm  (Plate  4,  fig. 
2).  Aerial  mycelia  are  straight,  simple,  and  uniform  in  outline, 
varying  from  2  to  8  /x  in  diameter. 

Conidiophores. — The  conidiophores  are  short,  somewhat  larger 
than  the  vegetative  hyphae,  hyaline,  and  granulated  when  young. 
They  bear  from  one  to  four  conidia  in  a  conidiophore  and 
measure  from  7.4  to  240.5  by  3.3  to  10  /x  (Plate  4,  fig.  4). 

Conidia. — The  conidia  are  small  and  hyaline  to  slightly  grayish 
on  oat  agar.  They  may  be  borne  either  terminally  or  inter- 
calarily,  and  are  ovate  or  lemon-shaped,  some  of  them  with 
a  prominent  papilla  (Plate  4,  fig.  3).  Vacuoles  are  frequently 
present.  Measurements  of  400  conidia  from  pure  cultures  on 
oat  agar  seven  to  twenty-one  days  old  were  made  as  recom- 
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mended  by  Rosenbaum,(2)  and  these  conform  closely  to  those 
for  Phytophthora  pkaesoli  Thaxter.  The  results  are  given  in 
Table  1. 

Table  1. — Distribution  of  lengths  and  widths  of  conidia  of  the  Phytophthora 
from  santol  into  size  classes  having  a  difference  of  2  microns. 


Length  class  (in  microns). 

Number  of 
conidia. 

Width  class  (in  microns). 

Slumber  of 
conidia. 

9.  5-11. 49.. 

5 

0 

3 

4 

26 

25 

61 

58 

93 

41 

57 

21 

2 

4 

11.5-13.49 

13.5-15.49 

15.5-17.49 

17  5  19  49 

7 

1 
11 

9 

8 

5 
37 
27 
23 
54 
30 
61 
22 
51 

8 
27 

3 
10 

2 

0 

0 

17.5-19.49 

19  5-21  49 

19.5-21.49 

21  5  23  49 

21.5-23.49 

23  5-25  49 

23.5-25.49 

25  5-27  49 

25.5-27.49 _ _ 

27  5-29  49 

27.5-29.49 

29  5-31  49 

29.5-31.49 - 

31  5-33  49 

31.5-33.49 

33  5-35  49 

33.  5-35. 49-. 

35  5  37  49 

35.5-37.49 

37  5-39  49 

39  5-41  49 

41  5-43  49                               - 

43  5-45.49           

45  5-47  49 

47  5-49  49           - 

49  5-51  49 

51  5-53  49 

53  5-55.49     _ 

55.5-57.49 

57  5-59  49             

59  5-61  49 

61.5-63.49 

63  5-65  49 

65  5-67.49     

400 

400 

As  shown  in  Table  1  the  lengths  of  400  conidia  range  from 
17.5  to  67.49  fif  and  the  widths  from  9.5  to  37.49  fx\  however, 
most  of  the  lengths  fall  between  21.5  and  53.49  /*,  and  most  of 
the  widths  between  17.5  and  33.49  /*.  In  the  case  of  the  lengths 
it  is  interesting  to  note,  moreover,  that  approximately  76  per 
cent  fall  between  29.5  and  45.5  ^,  while  approximately  77  per 
cent  of  the  widths  range  between  21.5  and  31.5  /*.  The  greatest 
number  in  any  one  class  fall  between  39.5  and  41.49  ^  in  length 
and  between  25.5  and  27.49  /*,  in  width.  The  average  size,  based 
on  400  measurements,  is  35.7  X  25.2  /x.  Text  figs.  1  and  2  are 
graphic  representations  of  these  measurements. 
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Table  2. — Ratio  of  length  to  width  of  1*00  conidia  arranged  in  classes 
having  a  range  of  0.09  micron. 


Ratio  class. 

Conidia. 

Ratio  class. 

Conidia. 

1.05-1.14 

7 

1.95-2.04 

7 

1.15-1.24 

37 

2.05-2.14 

0 

1.25-1.34 

65 

2.15-2.24 

5 

1.35-1.44 

68 

2.25-2.34 

3 

1.45-1.54 

61 

2.35-2.44 

2 

1.55-1.64 

56 

2.45-2.54 

2 

1.65-1.74 
1.75-1.84 

52 
22 

Total 

400 

1.85-1.94 

12 

It  will  be  seen  in  Table  2  that  the  ratios  of  length  to  width 
of  400  conidia  fall  between  1.05  and  2.54;  most  of  them,  how- 
ever, fall  between  the  ratios  of  1.15  and  1.94,  while  the  greatest 
number  in  any  one  class  have  a  ratio  of  length  to  width  falling 
between  1.35  and  1.44.  The  mean  ratio  of  the  santol  Phytoph- 
thora  is  1.51,  while  that  of  Phytophthora  phaseoli,  according 
to  Rosenbaum,(2)  is  less  than  1.75.  A  graphic  representation 
of  the  ratios  of  length  to  width  of  the  400  conidia  of  the  santol 
Phytophthora  is  given  in  fig.  3. 

Oospores. — The  abundant  production  of  oospores  on  oat  agar 
accords  well  in  this  respect  with  the  behavior  of  Phytophthora 
phaseoli.  Oospores  were  obtained  as  early  as  the  seventh  day 
on  oat  agar  and  were  very  abundantly  produced  in  ten-  to  four- 
teen-day cultures  under  room  conditions  at  temperatures  of 
28  to  30°  C.  They  were  also  produced  abundantly  on  santol 
agar.  When  cultures  were  placed  in  an  ice  box  with  a  tem- 
perature ranging  from  25  to  28°  C.  the  production  of  these 
reproductive  organs  was  much  earlier  than  this  and  more  abun- 
dant, being  formed  in  two  to  five  days  on  oat  agar. 

The  color  of  the  oospores  varies  from  colorless  to  light  brown 
or  bright  yellowish  brown.  The  majority  are  spherical,  al- 
though some  are  somewhat  ovoid.  They  are  borne  in  the  oogonia 
and  occasionally  have  one  or  two  vacuoles.  The  oospore  walls 
are  thick  and  smooth. 

Table  3. — Distribution  of  oospores  of  the  santol  Phytophthora  into 
diameter  classes  having  a  difference  of  2  microns. 

Diameter  class  Oosnorps  Diameter  class  -.. 

(in  microns).  oospores,  (in  microns).  Oospores. 

9.5-11.49  1  23.5-25.49  91 

11.5-13.49  0  25.5-27.49  125 

13.5-15.49  4  27.5-29.49  4 

15.5-17.49  10  29.5-31.49  2 

17.5-19.49  19                        

19.5-21.49  27             Total  400 

21.5-23.49  117 
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Measurements  of  400  oospores  showed  that  their  diameters 
fall  between  9.5  and  31.49  /*,  as  shown  in  Table  3,  although  most 
of  them  range  between  15.5  and  27.49  fx.  Most  of  them  have 
diameters  in  the  class  25.5  to  27.49  /x.  Rosenbaum(2)  obtained 
the  greatest  number  of  oospores  for  Phytophthora  phaseoli  in  the 
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Fig.    3.     Digrammatic    arrangement    of    the    ratio    classes. 

same  class,  but  his  range  of  classes  is  slightly  less.  The  average 
diameter  is  23.4  /*.  A  graphic  representation  of  the  above 
measurements  is  given  in  fig.  4. 

Oogonia  and  antheridia. — The  oogonia  are  for  the  most  part 
terminally  produced  on  the  branches  of  hyphae.  The  antheridia 
are  prominent  and  always  envelop  the  base  of  the  oogonial  stalk 
(Plate  4,  fig.  5). 
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GERMINATION  OF  SPORES 


Conidia. — The  conidia  germinate  either  by  direct  production 
of  a  germ  tube  at  the  base  or  through  the  papilla  (Plate  4, 
fig.  6)  and  by  the  production  of  zoospores  (Plate  4,  figs.  8 
and  9). 

The  procedure  followed  in  these  studies  was  that  employed 
by  Rosenbaum.(2)  Cultures  of  the  fungus  were  made  on  oat 
agar  in  200-cubic-centimeter  Erlenmeyer  flasks.  At  the  age 
of  the  culture  when  conidia  are  known  to  be  present  abundantly 
which  in  this  case  is  fourteen  to  thirty  days  at  28  to  30°  C. 

and  ten  days  at  temperatures  of 
25  to  28°  C,  sterile  water  was 
carefully  poured  into  the  flasks, 
precautions  having  been  taken 
to  minimize  all  possible  sources 
of  contamination.  The  culture 
was  then  shaken  to  detach  some 
of  the  conidia  and  the  resulting 
spore  suspension  poured  into 
another  sterile  flask.  The  co- 
nidia thus  obtained  were  kept 
at  a  temperature  of  14  to  20°  C. 
by  using  ice.  At  the  end  of  four 
to  eight  hours  zoospores  were 
produced  at  these  temperatures, 
while  at  room  temperature  they 
were  readily  produced  in  dis- 
tilled water  over  night.  They 
pass  out  through  a  break  in  the 
wall  of  the  conidium,  which 
occurs  either  at  the  papilla  or  at  the  side  (Plate  4,  fig.  7) .  When 
they  are  all  out  nothing  but  an  empty  cell  remains  with  no 
sign  of  a  break.  The  zoospores  while  moving  are  irregular  in 
shape,  but  when  at  rest  are  almost  spherical  and  measure  4  to 
9.3  fx.  The  greatest  number  of  zoospores  observed  in  a  coni- 
dium was  14. 


k 

210 
200 

190 

z?r^ 

/ 

180 

zt 

170 
o     160 

jr 

\ 

/ 

3     150 
140 

rz 

1 

> 

•£     130 
o>     120 

I   no 

:°      9a 

i 

/ 

/ 

\ 

/ 

I 

/ 

1 

/ 

1 

0  70 
c       «0 
f      50 

1  40 
*      30 

20 
10 
0 
3. 

D 

/ 

/ 

/ 

/ 

/ 

/ 

f 

< 

5    7.5  11.5  15.5  19.5  23.5  27.5 

iametep  of  oospores  in  microns 

Fig.  4.     Variation  in  the  size  of  oospores. 


SPORE  PRODUCTION  AND  CULTURAL   CHARACTERISTICS  ON  VARIOUS 
MEDIA  AND  STERILIZED  PLANT  TISSUES 

Various  sterilized  plant  tissues  and  media  were  used  in  the 
study  of  spore  production  and  growth  characteristics  of  the 
fungus,  observations  having  been  made  on  cultures  ranging  in 
age  from  one  to  three  weeks.     The  agars  used  were  potato- 
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glucose  agar,  oatmeal  agar,  and  santol-seed  agar.     The  santol- 
seed  agar  was  prepared  according  to  the  following  procedure: 

Santol  seeds,  grams  15.32 

Grape   sugar,   gram  1.00 

Agar   agar,    shredded,    grams  3.00 

Water,  cubic  centimeters  300 

The  santol  seeds  were  cleaned  and  the  seed  coats  removed 
before  weighing.  Then  they  were  sliced  with  a  scalpel  and 
ground  in  a  porcelain  mortar.  After  grinding,  3  grams  of  agar 
were  added  and  the  mixture  was  placed  in  a  beaker  containing 
300  cubic  centimeters  of  water.  One  gram  of  grape  sugar  was 
added  after  boiling  for  about  five  minutes.  The  solution  was 
then  restored  to  300  cubic  centimeters,  filtered  through  sterilized 
absorbent  cotton,  and  tubed.  It  was  finally  sterilized  in  an 
autoclave  at  15  pounds  pressure  for  thirty  minutes  and  slanted. 

Growth  on  oatmeal  agar. — Abundant  aerial  growth  and  abun- 
dant oospores  and  conidia  were  produced  readily. 

Growth  on  potato-glucose  agar  -\-l. — The  growth  on  potato- 
glucose  agar  was  moderately  aerial  and  the  mycelia,  particu- 
larly the  submerged  hyphse,  were  very  much  branched  and 
gnarled.  Production  of  a  few  conidia  and  oospores  was  noted 
occasionally  on  four-month-old  cultures. 

Growth  on  santol-seed  agar. — Santol  seed  agar  gave  a  fair 
aerial  growth,  though  it  was  rather  slow,  and  produced  abun- 
dant oospores  and  conidia.  On  three-month-old  cultures  conidia 
and  oospores  were  still  in  a  turgid  condition.  The  oospores  in 
particular  were  very  numerous  and  were  easily  seen,  owing  to 
their  deep  yellowish  brown  color.  This  is  a  very  suitable  me- 
dium for  the  study  of  the  reproductive  organs  and  the  mycelium, 
since  these  show  up  very  clearly  in  it. 

Growth  on  steamed  rice  and  plain  corn  meal. — On  steamed 
rice  and  corn  meal  the  growth  was  markedly  aerial  and  on  oat- 
meal very  profuse  and  fluffy,  but  very  few  spores  were  produced. 

Growth  on  liquid  media. — On  M/100  solution  of  potassium  car- 
bonate prepared  according  to  the  formula  of  Leonian(3)  trans- 
fers of  mycelium  made  from  cultures  on  potato-glucose  agar 
produced  sporangia  in  three  days  at  temperatures  of  25  to  28°  C. 
At  room  temperature,  28  to  30°  C,  few  sporangia  were  pro- 
duced even  after  eight  days. 

On  various  sterilized  plant  tissues  exceptionally  abundant 
conidia  and  a  few  oospores  were  produced  on  pineapple-fruit 
cylinders ;  the  growth  was  somewhat  slimy  and  submerged.  The 
conidia,  however,  were  not  typical  of  the  genus  Phytophthora. 
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Most  of  them  were  much  elongated,  pointed,  or  spear-shaped. 
On  mango-fruit  cylinders  abundant  conidia  of  the  same  shape 
were  obtained.  On  papaya  cylinders  a  few  spores  also  of  this 
shape  were  produced.  Table  4  presents  all  of  the  results  on 
spore  production. 

Table  4. — Production  of  spores  of  the  santol  Phytophthora  on  various 
media  and  sterilized  plant  tissues. 


Spores  produced  after — 

Medium. 

One  week. 

Two  weeks. 

Three  weeks. 

Potato-glucose  agar 

Very  few  conidia;   no 

A  few  conidia;  no  other 

Abundant  conidia;  no 

+  1. 

oSspores     or    chla- 

spores. 

oospores  or  chlamy- 

mydospores. 

dospores. 

Rice  (steamed) 

A    few     conidia;     no 

A    few    conidia    and 

None. 

oospores  or  chlamy- 

oospores. 

dospores. 

Cora  meal 

None 

A  few  conidia 

Do. 
Abundant    oospores; 
no  conidia. 

Oatmeal 

A  few  conidia;  abun- 

A few  conidia;   abun- 

dant  oospores,    06- 

dant  oospores. 

gonia,  and  antheri- 

dia. 

Sugar-cane  cylinder. . 

Abundant  conidia;  no 

Abundant  conidia 

Abundant   conidia;  a 

oospores. 

few  oospores. 

Banana  cylinder 

None 

None 

None. 

Pineapple  fruit  cy- 

Abundant conidia  only 

Abundant  conidia;  no 

Abundant    conidia;  a 

linder. 

other  spores. 

few  oospores. 

Oatmeal  agar 

Abundant  conidia  and 

Abundant  oospores;  a 

Abundant    oospores; 

oospores. 

few  conidia. 

a  few  conidia. 

Bean  seeds  (steamed). 

None 

None 

None. 

Santol-seed  agar 

Abundant  oogonia  and 

Abundant        oospores 

Abundant    oospores; 

antheridia;  few    oo- 

and conidia. 

a  few  conidia. 

spores  and  conidia. 

Santol  seeds 

Very  few  conidia;  no 

A    few    oospores;     no 

Abundant    oospores; 

other  spores. 

other  spores. 

no  conidia. 

Papaya  cylinders 

A  few  conidia  and   oo- 

Very   few    oospores; 

Very    few    oospores; 

spores. 

no  other  spores. 

no  other  spores. 

Potato  cylinders 

None 

None, 

None. 

TAXONOMY 

The  morphological  method  of  Rosenbaum(2)  and  the  physio- 
logical key  of  Leonian(3)  for  the  indentification  of  Phytoph- 
thora species  were  followed  in  the  taxonomic  study  of  the  santol 
Phytophthora.  The  conidia  are  larger  than  those  of  Phytoph- 
thora phaseoli  Thaxter  described  by  Rosenbaum,(2)  but  the  mean 
ratios  of  length  to  width  are  in  close  agreement.  The  abundant 
oospores  with  basal  antheridia  which  were  easily  obtained  in 
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all  oat-agar  cultures  were  also  very  similar  in  size  to  those 
recorded  by  Rosenbaum  for  P.  phaseoli.  On  an  average,  the 
santol  Phytophthora  has  oospores  slightly  greater  in  diameter 
than  those  of  P.  phaseoli  These  differences,  however,  do  not 
seem  of  specific  significance,  in  view  of  the  variability  within 
Phytophthora  species.  The  santol  Phytophthora  is  therefore  re- 
ferred to  Phytophthora  phaseoli  Thaxter. 

Leonian  in  his  extensive  physiological  studies  of  the  genus 
Phytophthora  proposed  to  make  P.  phaseoli  Thaxter  a  variety 
of  P.  infestans.  The  culture  of  Phytophthora  phaseoli  used  by 
Leonian  (3)  was  isolated  from  navy  beans  at  Morgantown,  West 
Virginia,  but  a  comparison  of  the  physiological  behavior  of  that 
species  with  that  of  the  santol  seedlings  shows  many  essential 
points  of  agreement.  Leonian's  P.  phaseoli  produced  an  unusual 
abundance  of  oogonia  on  oat  agar  and  conidia  or  sporangia  on 
M/100  solution  of  potassium  carbonate.  The  Philippine  santol 
Phytophthora  has  shown  the  same  characteristics  on  these 
media.  Leonian  states,  however,  that  the  resemblance  between 
P.  infestans  and  P.  phaseoli  is  too  striking  to  be  overlooked  and 
that  there  is  no  doubt  that  the  two  belong  to  the  same  species. 
For  this  reason  he  places  P.  phaseoli  as  a  variety  of  P.  infestans. 

CONTROL  MEASURES 

Infected  santol  seedlings  in  the  seed  beds  at  the  Singalong 
Experiment  Station  showed  a  very  marked  improvement  after 
having  been  sprayed  with  lime-sulphur  solution  (1  part  of  lime 
sulphur  stock  solution  to  40  parts  water),  although  it  was  be- 
lieved from  previous  experience  that  they  would  be  a  total  loss 
on  account  of  the  severity  of  the  infection.  After  five  weekly 
applications  of  the  spray  very  little  sign  of  the  disease  could 
be  detected  and  some  of  the  seedlings  had  developed  new  shoots 
and  branches.  Therefore  spraying  with  Bordeaux  mixture  or 
lime  sulphur  at  weekly  intervals  during  rainy  weather,  and  at 
longer  intervals  during  the  drier  season,  is  to  be  recommended. 
Spraying  the  plants  as  soon  as  they  begin  to  sprout  may  prove 
to  be  a  good  preventive  measure.  To  make  the  treatment  more 
effective,  however,  all  badly  infected  seedlings  should  be  pulled 
up  and  destroyed  before  application  of  the  spray,  and  other 
plants  that  may  serve  as  hosts  of  the  disease  should  not  be 
planted  in  close  proximity  to  santol. 
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Planting  seeds  in  sterilized  soil  in  seed  flats  placed  on  benches 
about  a  meter  high  from  the  ground  is  a  very  certain  method 
of  control.  If  seed  beds  are  used  the  soil  should  be  sterilized 
or  disinfected  before  the  seeds  are  sown.  Close  planting  should 
be  avoided  as  it  favors  the  development  and  spread  of  the  fungus. 
In  watering  the  seedlings  care  should  be  taken  not  to  create 
a  very  moist  condition  for  a  great  length  of  time.  The  seed 
beds  should  also  be  high  enough  above  the  ground  to  prevent 
contamination  by  surface  water  coming  from  neighboring  plots. 

In  the  Philippines  the  disease  has  not  been  known  anywhere 
except  at  the  Singalong  Experiment  Station.  It  is  therefore 
advisable,  in  the  light  of  our  present  information,  to  use  all 
means  to  prevent  its  spread  to  other  nurseries  and  places.  This 
may  be  accomplished  by  stamping  out  the  disease  as  fast  as  it 
is  discovered  and  preventing  the  sale  or  distribution  of  seedlings 
from  infected  seed  flats  and  seed  beds. 

SUMMARY 

1.  A  blight  disease  of  santol  seedlings  caused  by  Phytophthora 
phaseoli,  heretofore  unreported,  was  first  found  in  August,  1924, 
at  the  Singalong  Experiment  Station  of  the  Bureau  of  Agricul- 
ture, Manila,  P.  I. 

2.  The  fungus  causes  a  serious  disease  of  the  seedlings  in 
seed  beds,  killing  up  to  90  per  cent  of  the  young  plants  when 
conditions  are  favorable  for  its  development. 

3.  The  desease  produces  a  blight  of  the  leaves,  young  shoots, 
stems,  and  cotyledons  of  the  seedlings,  resulting  in  the  final 
collapse  and  decay  of  the  plants. 

4.  It  is  severe  during  warm  wet  weather,  but  not  during  the 
drier  periods. 

5.  The  morphological  and  physiological  characteristics  of  the 
fungus  agree  with  the  descriptions  of  Phytophthora  phaseoli 
Thaxter,  which  Leonian  refers  to  Phytophthora  infestans  var. 
phaseoli. 

6.  The  disease  may  be  prevented  by  planting  seeds  in  sterilized 
soil ;  close  planting  may  favor  it. 

7.  Spraying  with  lime-sulphur  or  Bordeaux  mixture,  proper 
construction  of  seed  beds,  and  careful  sanitation  should  hold 
the  disease  in  check. 
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ILLUSTRATIONS 

[All    photographs    were    taken    by    E.    Cortes.] 

Plate  1 

Santol  seedlings  showing  natural  infection;  removed  from  seed  beds  at 
the  Singalong  Experiment  Station,  Manila,  P.  I.  About  0.5 
natural  size. 

Plate  2 

Fig.  1.  Seedlings  showing  typical  lesions  caused  by  natural  infection  on 
the  cotyledons  and  stems.    Natural  size. 

2.  Seedlings    artificially    inoculated    with    the    santol    Phytophthora. 

About  0.25  natural  size. 

3.  Seedlings  employed  as  controls.     About  0.25  natural  size. 

Plate  3 

Fig.  1.  Typical  infection  on  leaves,  following  artificial  inoculation.    About 
natural  size. 
2.  Artificially    inoculated     seedlings     showing    characteristic     aerial 
growth  of  Phytophthora  on  the  cotyledons  and  adjacent  parts. 
Slightly  enlarged. 

Plate  4 

[All  drawings  were  made  with  the  aid  of  a  camera  lucida  by  the  author.] 

Fig.  1.  Gnarled  growth  of  the  mycelium  of  the  santol  Phytophthora  on 
potato-glucose  agar  +1.     X    167. 

2.  Typical    mycelium    of    the    Phytophthora    showing    protoplasmic 

granules,  on  oat  agar.     X  167. 

3.  Conidia    showing   the   papilla,   and    some    with    the   conidiophores, 

obtained  from  cultures  on  oat  agar.     X  167. 

4.  Cluster    of   conidia    produced    in    hanging    drop    cultures.     X  167. 

5.  Oospores  with  the  characteristic  basal  antheridia.     x   167. 

6.  Direct  germination  of  conidia  by  the  production  of  a  promycelium. 

X  167. 

7.  Conidia  forming  zoospores.     X  167. 
Figs.  8  and  9.  Germinating  zoopores.     X   167. 

TEXT   FIGURES 

Fig.  1.  Graph  showing  variation  in  the  length   of  conidia. 

2.  Graph  showing  variation   in  width  of  conidia. 

3.  Diagrammatic  arrangement  of  the  ratio  classes. 

4.  Graph  showing  variation  in  size  of  zoospores. 
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CHARLES  FULLER  BAKER 

By  E.  0.   Essig 

Professor  of  Entomology,  College  of  Agriculture,  University  of  California 

Berkeley 

ONE  PLATE 

Charles  Fuller  Baker,  entomologist,  botanist,  agronomist,  col- 
lector, teacher,  agricultural  director  and  dean,  died  at  St.  Luke's 
Hospital  in  Manila,  Philippine  Islands,  on  July  21,  1927,  aged 
fifty-five  years.  According  to  word  received  from  D.  L.  Craw- 
ford, "his  death  was  due  to  chronic  dysentery  which  became 
acute  and  confined  him  in  the  hospital  for  two  weeks  before  the 
day  of  his  death."  It  is  a  comfort  to  his  friends  to  know  that 
during  his  illness  he  was  attended  by  one  of  his  own  students, 
Capt.  Leon  L.  Gardner,  of  Sternberg  General  Hospital  in  Manila. 
He  was  buried  on  the  campus  of  the  University  of  the  Phil- 
ippines where  he  spent  the  last  nine  years  of  his  arduous  life. 
He  was  born  at  Lansing,  Michigan,  March  22,  1872,  the  second 
son  in  a  family  of  ten  children,  and  was  the  brother  of  the 
noted  author,  Ray  Stannard  Baker,  and  the  forester,  Hugh 
Potter  Baker. 

At  the  Michigan  Agricultural  College,  from  which  he  grad- 
uated in  1892,  he  came  under  the  instruction  of  Prof.  Albert 
John  Cook,  who  exerted  a  profound  influence  upon  his  studies 
in  entomology  and  botany  as  well  as  upon  many  of  his  later 
activities  in  life.  Professor  Cook  once  told  me  that  Baker, 
when  a  student  at  college,  spent  all  of  his  cash  for  insect 
boxes,  and  by  the  time  he  graduated  he  had  several  hun- 
dred boxes  of  specimens,  a  larger  and  more-complete  collection 
than  was  at  the  college  at  that  time.  As  an  undergraduate  he 
assisted  Professor  Cook  in  1891  and  1892  when  he  was  trans- 
ferred as  assistant  to  Prof.  C.  P.  Gillette  at  the  Colorado 
Agricultural  College,  Fort  Collins,  Colorado.  Here  he  made 
very  extensive  botanical  and  entomological  collections  and  began 
publishing.     One  of  his  first  important  contributions  was  "A 
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preliminary  list  of  the  Hemiptera  of  Colorado"1  in  co-author- 
ship with  Professor  Gillette.  Most  of  his  earlier  papers  dealt 
with  the  Homoptera  and  particularly  the  Cicadellidse.  It  was 
in  this  publication  that  he  described  the  sugar-beet  leaf  hopper, 
Eutettix  tenelluSy  as  Thamnotettix.2  In  1893  he  was  in  charge 
of  the  Colorado  forestry  and  zoological  exhibit  of  the  Colum- 
bian Exposition  at  Chicago.  The  years  1897  to  1899  were 
spent  partly  in  Alabama,  where  he  acted  as  zoologist  in  the 
Alabama  Polytechnic  Institute  and  entomologist  in  the  Agri- 
cultural Experiment  Station.  Here  he  was  connected  with  the 
Alabama  Biological  Survey.  During  1898  and  1899  he  was 
botanist  on  the  H.  H.  Smith  3  exploring  expedition  in  the  Santa 
Marta  Mountains,  Colombia.  In  1899  to  1901  he  was  a  teacher 
of  biology  in  the  Central  High  School  at  St.  Louis,  Missouri. 
Following  this  he  studied  with  Prof.  Vernon  L.  Kellogg  at  Stan- 
ford University,  where  he  obtained  the  degree  of  Master  of 
Science  in   1903. 

Through  the  efforts  of  Professor  Cook,  Baker  was  induced 
to  accept  the  position  of  assistant  professor  of  biology  at  Pomona 
College  in  1903,  but  he  remained  there  only  one  year.  During 
this  year  he  began  the  publication  of  Invertebrata  Pacifica.4 

He  left  California  to  become  chief  of  the  department  of  botany 
of  the  Cuban  Experiment  Station  (Estacion  Agronomica),  San- 
tiago de  las  Vegas,  Cuba,  which  position  he  held  from  1904  until 
1907.  During  this  busy  period  also  he  published  two  very  im- 
portant papers  on  the  then  little-known  fleas  of  North  America.6 

1  Colorado  Agr.  Exp.  Sta.,  Fort  Collins,  Colo.  Bull.  No.  31,  Tech.  Ser. 
No.  1   (1895)   137. 

2  The  generic  position  of  this  insect  is  still  questioned  by  systematists. 

3  Celebrated  entomological  explorer  and  collector. 

*  This  serial  appeared  as  follows :  Homoptera,  Vol.  1,  pp.  1-12,  Sept. 
15,  1903;  Orthoptera,  pp.  13-16,  Nov.  30,  1903;  Diptera,  pp.  17-40,  Feb. 
10,  1904;  Hymenoptera,  pp.  41-70,  Aug.  26,  1904;  Orthoptera,  pp.  71-84, 
Jan.  30,  1905;  Neuropteroid  Insects,  pp.  85-92,  May  15,  1905;  Hymenop- 
tera, pp.  93-110,  Aug.  20,  1905;  pp.  111-132,  Oct.  27,  1905;  Heteroptera, 
pp.  133-140,  Jan.  24,  1906;  Hymenoptera,  pp.  141-159,  May  24,  1906;  pp. 
161-178,  Feb.  28,  1907;  pp.  179-198,  Oct.  8,  1907.  It  was  begun  at  Clare- 
mont,  California,  and  completed  (pp.  71-198)  during  his  stay  at  Santiago 
de  las  Vegas,  Cuba.  It  contained  descriptions  of  insects  which  he  collected 
personally,  mostly  in  California  and  Nevada.  A  part  of  his  insect  col- 
lection containing  types  and  paratypes  of  many  of  these  is  at  Pomona 
College  along  with  many  exotics  collected  in  Cuba  and  Brazil. 

6  Rev.  Am.  Siphonaptera,  Proc.  U.  S.  Nat.  Mus.  27  (1904)  1-365. 
Classification  of  N.  A.  Siphonaptera,  ibid.  29  (1906)  1-121. 
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From  Cuba  he  went  to  Brazil  to  assume  the  position  as  curator 
of  the  Herbarium  and  Botanical  Garden,  Museu  Goeldi  at  Para, 
where  he  stayed  one  year.  In  Brazil  he  amassed  very  large 
collections  of  both  plants  and  insects  which  were  presented  to 
Pomona  College  upon  his  return  there  in  1908.  It  was  at  the 
beginning  of  my  junior  year  in  college  there  that  I  came  under 
his  singular  guidance.  With  the  enthusiasm,  confidence,  and 
untiring  cooperation  of  Professor  Cook,  he  accomplished  a  re- 
markable piece  of  work  at  that  institution.  His  influence  upon 
students  was  very  unusual,  and  he  stimulated  the  most  backward 
to  produce  surprising  results.  Many  things — equipment,  hous- 
ing facilities,  money — were  needed  to  supply  him.  These  were 
secured  by  Professor  Cook,  either  directly  from  the  college  or 
from  private  individuals.  Entomology  at  once  forged  ahead  of 
all  other  biological  sciences.  Systematic  and  life-history  work 
became  fundamental.  For  the  citrus-fruit  growers  of  the  region 
a  system  of  orchard  inspection  was  organized,  which  gave  not 
only  excellent  field  experiences,  but  also  remunerative  employ- 
ment for  advanced  students,  and  rich  returns  to  the  growers. 
During  his  four  years'  stay  there  he  inspired,  trained,  and  sent 
out  a  fairly  large  group  of  biologists  in  consideration  of  the 
small  size  of  the  institution  at  that  time.6 

Early  in  1909  he  explained  to  Professor  Cook  the  great  need 
of  serial  publications,  not  only  as  an  outlet  for  the  work  of 
students  and  specialists,  but  also  for  the  benefit  of  all  interested 
in  the  biological  sciences,  especially  entomology  and  botany. 
Professor  Cook  at  once  agreed  and  undertook,  single-handed, 
to  raise  sufficient  money  by  private  subscription  to  finance  first 
a  Journal  of  Entomology7  and  then  a  Journal  of  Economic 
Botany.8    The  former  appeared  in  March,  1909,  and  the  latter 

6  Among  this  group  were  Charles  W.  Metz,  J.  E.  Graf,  D.  L.  Crawford, 
B.  L.  Boyden,  C.  F.  Stahl,  H.  J.  Ryan,  F.  R.  Cole,  A.  R.  Davis,  John  A. 
Prizer,  R.  S.  Vaile,  A.  R.  Baird,  H.  A.  Weinland,  Harry  V.  M.  Hall, 
Gertrude  Bacon  (Mrs.  H.  L.  Chaffee),  Vinnie  E.  Stout  (Mrs.  B.  P.  Aborn), 
Blanch  E.  Stafford  (Mrs.  Charles  W.  Metz),  Leon  L.  Gardner,  and  Sarah 
R.  Atsatt. 

7  Baker  edited  Vol  1  (1909)  through  No.  2,  Vol.  IV  (1912).  When  Dr. 
W.  A.  Hilton  succeeded  as  head  of  the  department  of  biology  and  editor 
of  the  scientific  journals  he  changed  the  name  to  Journal  of  Entomology 
and  Zoology,  beginning  with  Vol.  V  (1913). 

8  The  Journal  of  Economic  Botany  edited  by  Baker  continued  through 
three  volumes,  I  (1911),  II  (1912),  III  (1913).  Its  discontinuance  was 
announced  in  Nos.  3  and  4,  Vol.  Ill,  Dec,  1914,  by  D.  L.  Crawford,  then 
professor  of  botany  at  Pomona  College. 
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in  February,  1911.  Another  notable  contribution  was  the  pub- 
lication of  the  First  Annual  Report  of  the  Laguna  Marine 
Laboratory  9  in  1912.  The  Pomona  College  marine  station  at 
Laguna  Beach  was  organized  almost  entirely  through  the  efforts 
of  Professors  Cook  and  Baker,  with  financial  assistance  from 
a  few  local  residents,  and  it  is  still  ably  conducted  by  Doctor 
Hilton. 

In  October,  1911,  the  appointment  of  Professor  Cook  as  hor- 
ticultural commissioner  of  California  broke  the  magic  ring  of 
activities  at  Pomona.  When  he  removed  to  Sacramento  there 
was  no  one  left  to  solicit  the  necessary  funds  to  continue  the  work 
which  was  more  than  could  be  assumed  by  the  college.  Certain 
restrictions  were  also  made  to  prevent  outside  solicitations  for 
aid  which  appeared  to  handicap  permanently  the  future  devel- 
opment of  the  important  work  so  gloriously  started.  After  a 
year  of  disappointment  Baker  finally  decided  to  accept  the  posi- 
tion of  professor  of  agronomy  at  the  University  of  the  Philip- 
pines which  was  offered  him  by  his  good  friend  Dean  E.  B. 
Copeland,  whom  he  succeeded  in  1918.  During  his  long  stay  in 
the  Philippines  he  left  only  once  and  that  was  for  a  year's  leave 
of  absence  in  1917-1918  to  become  assistant  director  of  the 
Botanic  Gardens  at  Singapore.  Every  ounce  of  vitality  was 
poured  into  his  work.  His  entomological  collections  received  the 
greater  part  of  his  spare  time.  He  maintained  at  his  own  ex- 
pense a  Cuban  collector  named  Julian  Hernandez,  whom  he 
carefully  trained  and  kept  with  him  after  he  left  Cuba  in  1907. 
This  man  spent  all  of  his  time  either  collecting  or  caring  for  the 
insects,  or  in  the  domestic  duties  of  a  bachelor's  household. 
Botany  came  in  for  a  share  also,  and  fungi  in  particular  were 
collected  extensively  throughout  the  Archipelago.  Every  cent 
of  his  salary  that  could  be  utilized  went  toward  building  up  the 
collections.  Concerning  these  he  writes  under  date  of  April 
27,  1925: 

My  outside  work  in  entomology  and  mycology  is  the  only  thing  that 
gives  me  any  real  satisfaction;  that,  at  least,  is  done  as  it  ought  to  be 
done  and  I  can  go  on  and  develop  it  to  the  limit  of  personal  possibilities 
without  let  or  hindrance  from  anyone.  I  have  pushed  the  number  of 
foreign  specialists  engaged  on  our  work  up  to  one  hundred  ten,  and  keep 
them  all  busy!     It  thus  has  become  one  of  the  biggest  projects  of  its  kind 

9  Published  by  the  Department  of  Biology,  Pomona  College,  Claremont, 
California,  218  pp.,  130  figs. 
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in  the  world.  And  its  ultimate  permanent  contribution  to  entomology 
will  be  very,  very  large.  And  this  helps  very  materially  to  make  the 
stay  here  worth  while. 

Failing  health  and  disappointments  many  times  influenced  him 
to  desire  to  give  up  his  position  in  the  Philippines  and  seek  a 
place  of  complete  change  and  a  haven  of  peace  and  quiet  in 
America  where  he  could  find  space  to  house  and  work  on  this 
large  insect  collection  during  the  remaining  years  of  his  life. 
To  this  end  an  attempt  was  made  to  secure  for  him  a  place  at 
the  California  Academy  of  Sciences,  but  the  difficulty  of  raising 
a  proper  endowment  indefinitely  delayed  action  until  it  is  now 
too  late.  On  August  30,  1925,  he  wrote:  "The  outside  work 
I  am  carrying  constantly  looms  larger  and  larger  and  it  makes 
me  want  to  stay  here.  But  poor  health  will  probably  force  me 
to  cut  loose  ere  long." 

For  several  years  he  was  considering  an  offer  from  a  strong 
combination  of  all  the  entomological  interests  of  the  Hawaiian 
Islands  to  conduct  extensive  work  in  the  western  Pacific  Is- 
lands— "Over  Wallace's  Trail."  His  failure  to  negotiate  terms 
in  California  and  the  opportunities  offered  by  his  own  student, 
President  Crawford,  of  the  University  of  Hawaii,  led  him  finally 
to  accept  the  Hawaiian  offer.  Accordingly,  he  presented  his 
resignation  to  the  College  of  Agriculture,  University  of  the 
Philippines,  to  take  effect  in  November,  1927.  In  Science  10  it 
is  stated  that — 

he  expects  to  spend  next  year  with  one  of  the  Pan-Pacific  research  com- 
mittees on  the  South  Sea  Survey  and  thereafter  will  make  headquarters 
at  the  University  of  Hawaii  with  Pres.  David  Crawford.  Arrangements 
have  been  made  to  house  his  large  collections  of  natural-history  material 
at  the  Bishop  Museum. 

On  June,  9,  1927,  the  Board  of  Regents  of  the  University  of 
the  Philippines  passed  a  resolution  appointing  him  Professor 
of  Tropical  Agriculture  and  Dean  Emeritus  of  the  College  of 
Agriculture  of  the  University  of  the  Philippines,  and  also  Di- 
rector Emeritus  of  the  Experiment  Station,  effective  December 
1,  1927.  His  untimely  death  came  before  this  much-earned 
public  recognition  was  realized. 

His  insect  collection  is  a  remarkable  achievement,  amassed 
over  a  period  of  fourteen  years  of  unremitting  labor.     From 

10  Vol.  66,  No.  1699,  p.  77,  July  22,  1927. 
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reports  received  from  Baker  in  1926,  it  contained  approximately 
four  hundred  thousand  specimens.  On  November  9,  1926,  he 
wrote  me  concerning  it: 

The  collection  is  undoubtedly  the  largest  existing  private  collection 
covering  the  extreme  western  Pacific.  The  pinned  part  of  it  is  contained 
in  one  thousand  five  hundred  cases,  all  crowded  full.  But  as  much  more  has 
been  placed  in  the  hands  of  one  hundred  ten  (later  one  hundred  fifteen) 
specialists11  and  considerable  portions  of  the  latter  will  be  returned.  I 
believe  it  is  one  of  the  most  important  collections  basic  to  either  Central 
and  South  Pacific  work  or  to  Southwest  Asian  studies  since  it  includes 
several  thousand  types  and  cotypes.  Moreover,  more  material  is  con- 
stantly coming  in  and  I  have  so  arranged  it  that  continued  collections  on 
a  large  scale  will  be  made  after  I  leave  here.  I  also  have  a  lot  of  fine 
Australian  material  constantly  coming  in.  Moreover,  I  have  taken  the 
fullest  advantage  of  exchange  possibilities,  making  important  exchanges 
with  European  museums  and  with  individuals,  in  this  way  securing  a  vast 
number  of  species  I  lacked,  many  of  these  being  cotypes. 

According  to  S.  A.  Rohwer,  information  received  by  Dr.  L. 
0.  Howard  from  Baker  indicates  that  the  insect — 

collection  is  considerably  larger  than  it  was  in  November,  1926,  as  Baker 
received  from  specialists  quite  a-  little  material  during  the  winter  of  1926-27 
and  also  continued  to  mount  miscellaneous  material  which  had  been  col- 
lected. The  figures  for  the  number  of  cases  undoubtedly  referred  to  the 
pinned  part  only.  From  information  and  letters,  I  gather  that  there  is 
probably  half  as  many  specimens  that  are  unmounted. 

All  the  mounting,  labeling,  packing,  and  shipping  to  specialists 
was  done  by  Baker  himself  at  night,  the  entire  work  including 
the  salary  of  the  collector  already  referred  to,  cost  of  pins, 
boxes,  labels,  packing,  and  postage,  was  supported  by  his  modest 
salary;  yet,  as  he  states,  "if  one  lives  simply  and  rigorously  as 
a  Trappist  monk,  many  things  may  be  possible."    According  to 

11  Some  of  the  specialists  who  were  supplied  with  entomological  material 
by  Baker :  Coleoptera,  Hans  Gebien,  R.  Kleine,  and  A.  Zimmermann,  Ger- 
many; A.  Boucomont,  Ed.  Fleutiaux,  A.  Grouvelle,  and  M.  Pic,  France; 
Jan  Obenberger,  Czecoslovakia ;  H.  Krekich-Strassoldo,  Austria;  Chr. 
Aurivillius,  Sweden;  H.  E.  Andrewes  and  Guy  A.  K.  Marshall,  England; 
Edward  A.  Chapin,  United  States.  Orthoptera,  Achille  Grimni,  Italy;  H. 
H.  Karny,  Dutch  East  Indies;  A.  N.  Caudell,  United  States.  Homoptera, 
Frederick  Muir  and  D.  L.  Crawford,  Hawaii;  L.  Melichar,  Moravia;  W. 
D.  Funkhouser  and  T.  D.  A.  Cockerell,  United  States.  Hemiptera,  W.  L. 
McAtee  and  J.  R.  Malloch,  United  States.  Diptera,  P.  Sack,  Germany; 
W.  S.  Patton,  Scotland;  M.  Bezzi,  Italy;  J.  R.  Malloch  and  G.  F.  Ferris, 
United  States.  Hymenoptera,  E.  A.  Elliott,  England;  H.  L.  Viereck,  Ca- 
nada; T.  D.  A.  Cockerell,  United  States.  Baker  worked  chiefly  in  Homop- 
tera on  the  Jassoidea,  Fulgoridae,  and  Cercopidae,  and  in  the  Hymenoptera 
on  the  parasitic  Braconidae,  during  his  stay  in  the  Philippines. 
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his  long-standing  will,  the  main  insect  collection  was  bequeathed 
to  the  United  States  National  Museum.  The  statement  that 
small  parts  were  also  donated  to  the  Universities  of  Berlin, 
London,  Madrid,  Paris,  Moscow,  and  Vienna,12  is  probably  er- 
roneous.    Crawford  states  that — 

he  [Baker]   was  stricken  so  suddenly  by  this  accute  attack  of  dysentery 

that  he  had  no  time  to  make  any  changes  in  his  will and  according 

to  cable  information  received  from  Manila  his  old  will  still  stands  whereby 
the  United  States  National  Museum  is  to  receive  his  main  insect  collection 
and  the  University  of  the  Philippines  is  to  receive  his  main  collection  of 
plant  material. 

Rohwer  also  states  that — 

the  will  provides  that  the  entire  collection,  manuscripts  and  notes,  should 
come  to  the  National  Museum.  We  have  never  been  advised  that  there 
were  any  changes.  The  Museum  is  planning  to  make  arrangements  to 
have  the  collection  transferred  to  Washington  as  soon  as  practical  after 
the  will  is  probated. 

Entomology  and  mycology  were  only  side  issues  or  hobbies; 
his  real  work  was  the  development  of  agriculture  in  the  Phil- 
ippines. A  perusal  of  the  files  of  the  Philippine  Journal  of 
Science,13  the  Philippine  Agriculturist,  and  the  Philippine  Agri- 
cultural Review,  on  all  of  which  he  was  an  editorial  associate, 
will  give  some  idea  of  the  results  accomplished.  Concerning 
this  broader  work  the  following  editorial  of  the  Tribune  14  is 
pertinent : 

The  Baker  Leadership!  The  University  of  the  Philippines  can  ill 
afford  to  lose  the  services  of  Dean  Charles  F.  Baker  of  the  College  of 
Agriculture.  He  has  made  of  his  college  an  institution  of  the  highest 
standing  in  this  country  and  one  to  which  recognition  abroad  has  been 
deservedly  given.  The  Los  Bafios  unit  of  the  University  [is]  what  it  is 
because  Dean  Baker  has  put  in  its  organization  and  management  much 
of  his  own  forceful  personality  and  transferred  to  the  faculty  his  own 
enthusiasm  for  its  mission. 

The  work  of  bringing  advanced  methods  of  agricultural  practices  to 
the  people  on  the  farms  has  only  been  started.  It  is  the  work  not 
for  a  decade  but  for  a  generation.  In  this  task  Dean  Baker  has  been 
easily  a  recognized  leader.     It  is  not  too  much  to  say  of  him  that,  were  he 

13  Science,  No.  1701  46    (August  5,  1927)    129. 

18  In  this  journal  were  published  the  results  of  much  of  the  entomological 
work  done  by  Baker  and  the  large  corps  of  specialists  to  whom  he 
forwarded  his  material. 

14  Independent  Filipino  Daily,  Carlos  P.  Romulo,  editor,  Manila,  P.  I. 
(Nov.  6,  1926)   4. 
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to  leave  the  college  permanently,  the  Baker  leadership  will  yet  be  felt 
through  years  to  come.  It  is  a  measure  of  his  success  that  what  is  often 
good  in  scientific  agriculture  may  be  traced  to  a  Baker  tradition. 

Baker  was  a  member  of  the  American  Association  for  the 
Advancement  of  Science,  American  Association  of  Economic 
Entomologists,  Entomological  Society  of  America,  Washington 
Entomological  Society,  Southern  California  Academy  of  Sciences, 
and  the  Havana  Academy. 

Although  he  died  comparatively  young,  he  did  the  life  work  of 
ten  men. 


ILLUSTRATION 

Plate  1.  Charles  Fuller  Baker 

The  portrait  on  the  left  was  taken  during  his  stay  at  Pomona  College, 
Claremont,  California,  in  1909;  that  on  the  right  when  he  was  at  the 
College  of  Agriculture,  University  of  the  Philippines,  Los  Bafios,  P.  L, 
in  1925. 
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NEW  STEPHANID^]  FROM  BORNEO  AND  THE  PHILIP- 
PINE ISLANDS,  IV 

By  E.  A.  Elliott 

Fellow  of  the  Zoological  Society  of  London  and  of  the  Entomological 
Society  of  London 

Subfamily  PARASTEPHANELLUS  Enderlein 

This  subfamily  is  confined  to  the  Indo-Australian  Region,  and 
is  characterized  by  the  discoidal  cell  being  petiolate,  and  only 
about  half  as  large  as  the  cubital.  I  include  in  the  following 
table  the  few  species  previously  recorded  from  Borneo  and  the 
Philippines. 

Key  to  species  of  the  genus  Parastephanellus. 
FEMALES 

1.  18.  Hind  femora  tridentate. 

3.  2.  Terebra  half  as  long  again  as  body;  metapleurae  smooth,  hind  me- 

tatarsi not  white P.  caudatus  Elliott. 

2.  3.  Terebra  not  much  longer  than  body. 

5.  4.  Vertex  basally  and  laterally  punctate;   stigma  very  large. 

P.  crassistigma  sp.  nov. 

4.  5.  Vertex  not  punctate;  stigma  normal  size. 

7.  6.  Occiput  finely  transstriate,  frons  shagreened. 

P.  curticollis  Elliott. 

6.  7.  Occiput  smooth. 

9.     8.  Frons  arcuate  striate,  apically  nearly  smooth;  vertex  rugose,  later- 
ally smooth P.  rufescens  Elliott. 

8.  9.  Frons  not  arcuate  striate. 

13.  10.  Frons  rugose. 

12.  11.  Frons  irregularly,  vertex  finely  rugose;  median  segment  coarsely 
punctate P.  impunctatus  Elliott. 

11.  12.  Frons  granulate  rugose,  vertex  transstriate;  median  segment  super- 
ficially punctate P.  montanus  sp.  nov. 

10.  13.  Frons  obliquely  or  transversely  striate. 

15.  14.  Frons  obliquely  striate,  vertex  transversely;  metapleurae  smooth 
above,  coarsely  punctate  beneath  P.  monticola  Elliott. 

14.  15.  Frons  transversely  striate. 

17.  16.  Frons  and  vertex  finely  transstriate;  metapleurae  and  median  seg- 
ment coarsely  punctate P.  similis  Elliott. 
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16.  17.  Frons  coarsely,  vertex  finely  transstriate;  metapleurae  rugose,  me- 
dian segment  reticulate  punctate P.  politus  sp.  nov. 

1.  18.  Hind  femora  bidentate. 

28.  19.  Terebra  only  as  long  as  body. 

21.  20.  Neck  longitudinally  striate P.  rubripictus  Elliott. 

20.  21.  Neck  not  longitudinally  striate. 

25.  22.  Frons  more  or  less  arcuate  striate. 

24.  23.  Frons  coarsely  arcuate  striate,  ocellar  space  pentagonal,  petiole 
shorter  than  rest  of  abdomen P.  rugipleurae  sp.  nov. 

23.  24.  Frons  only  basally  arcuate  striate,  ocellar  space  normal;  petiole 
longer  than  rest  of  abdomen P.  variegatus  sp.  nov. 

22.  25.  Frons  not  arcuate  striate. 

27.  26.  Frons  granulate;  hind  femora  with  two  conspicuous  blunt  teeth 
behind  the  long  sharp  ones P.  quadridens  sp.  nov. 

26.  27.  Frons   coarsely  rugose;   hind  femora  without  conspicuous   smaller 

teeth P.  crassicoxae  sp.  nov. 

19.  28.  Terebra  longer  than  body. 

34.  29.  Terebra  at  least  half  as  long  again  as  body. 

31.  30.  Hind  femora  strongly  incrassate;  frons  subgranulate  rugose,  occiput 

apically  transtriate P.  crassifemur  sp.  nov. 

30.  31.  Hind  femora  normal. 

33.  32.  Frons  finely  and  closely  rugose,  occiput  apically  transstriate;  petiole 

longer  than  rest  of  abdomen  P.  claripennis  Cameron. 

32.  33.  Frons   finely   and  evenly,  vertex   indistinctly   transstriate,    occiput 

smooth;  petiole  as  long  as  rest  of  abdomen....  P.  fulgens  sp.  nov. 

29.  34.  Terebra  much  less  than  half  as  long  again  as  body. 

36.  35.  Posterior  margin  of  head  simple;  pronotum,  pro-,  meso-,  and  meta- 

pleurae smooth P.   palliditarsis   Cameron. 

35.  36.  Posterior  margin  of  head  bordered. 

38.  37.  Frons  arcuate  striate,  metapleurae  and  median  segment  coriaceous, 

former  closely,  latter  diffusely  punctate....  P.  polychromus  Kieffer. 

37.  38.  Frons  not  arcuate  striate;  metapleurae  not  coriaceous. 

40.  39.  Frons  transstriate,  metapleurae  punctate,  median  segment  coria- 
ceous   P.  parvus  sp.  nov. 

39.  40.  Frons    subrugose    striate;    metapleurae   coarsely   punctate,    smooth 

apically   above;    median   segment   superficially   punctate. 

P.  niger  sp.  nov. 

MALES 

6.  1.  Hind  femora  tridentate. 

3.  2.  Metapleurae   smooth,   separated  from   median   segment   by   an  im- 

pression    P.  glaberrimus  sp.  nov. 

2.  3.  Metapleurae  sculptured. 

5.     4.  Metapleurae  closely  punctate,  separated  by  a  crenulate  sulcus. 

P.  politus  sp.  nov. 

4.  5.  Metapleurae  transrugose  above,   otherwise  coarsely  punctate,   sep- 

arated by  a  carina p.  montanus  sp.  nov. 

1.     6.  Hind  femora  bidentate. 

8.     7.  Basal  section  of  radius  strongly  bisinuate P.  sinuatus  sp.  nov. 

7.  8.  Basal  section  of  radius  straight  or  simply  curvate. 

10.     9.  Vertex  smooth p.  minutus  sp.  nov. 
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9.  10.  Vertex  sculptured. 

14.  11.  Vertex  and  occiput  transrugose. 

13.  12.  Neck  with  one  transcarina;  mesopleurae  smooth. 

P.  maculifrons  Cameron. 
12.  13.  Neck    coarsely    longitudinally    striate;    mesopleune    finely    punc- 
tate    P-  rubripictus  Elliott. 

11.  14.  Vertex  transstriate,  occiput  smooth. 

16.  15.  Posterior  margin  of  head  simple P.  palliditarsis  Cameron. 

15.  16.  Posterior  margin  of  head  bordered. 

18.  17.  Frons  and  vertex  indistinctly  sculptured;  hind  femora  inflated. 

P.  leviceps  sp.  nov. 

17.  18.  Frons  and  vertex  distinctly  sculptured. 

20.  19.  Frons  granulate;  hind  femora  with  two  large  blunt  teeth  behind 

the  long  sharp  ones P.  quadridens  sp.  nov. 

19.  20.  Frons  not  granulate;  smaller  teeth  not  conspicuous. 

26.  21.  Frons  more  or  less  arcuate  striate. 

25.  22.  Frons  entirely  arcuate  striate,  vertex  and  occiput  transstriate. 

24.  23.  Pronotum  smooth,  median  segment  coriaceous,  closely  punc- 
tate    P.  polychromus   Kieffer. 

23.  24.  Pronotum  and  median  segment  coriaceous,  latter  only  later- 
ally punctate var.  coriacea  Kieffer. 

22.  25.  Frons  only  basally  arcuate  striate;  median  segment  superficially 
and  diffusely  punctate P.  variegatus  sp.  nov. 

21.  26.  Frons  not  arcuate  striate. 

28.  27.  Frons     transrugose,     vertex     coarsely     transstriate;     metapleurae 

rugose  punctate P.  rugifrons  sp.  nov. 

27.  28.  Frons  and  vertex  finely  transstriate. 

30.  29.  Metapleurae  smooth  above,  punctate  beneath;  median  segment  in- 
distinctly sculptured,  separated  by  a  slight  carina. 

P.  leviceps  sp.  nov. 
P.  parvus  sp.  nov. 

29.  30.  Metapleurae  coarsely  punctate,  with  a  smooth  space  apically  above; 

median   segment   superficially  punctate,   separated   by   a   strong 
carina P.  niger  sp.  nov. 

PARASTEPHANELLUS    CAUDATUS   Elliott. 

Parastephanellus   caudatus    Elliott,   Philip.   Journ.    Sci.    29    (1926) 
521.     Female. 

PARASTEPHANELLUS   CRASSISTIGMA  sp.  nov. 

Female. — Frons  inrregularly  punctate,  vertex  transstriate, 
laterally  and  basally  punctate;  occiput  smooth;  posterior  mar- 
gin of  head  finely  bordered;  one  strong  carina  between  poste- 
rior ocelli;  posterior  tubercles  broad.  Scape  scarcely  as  long 
as  cheeks,  antennae  normal.  Pronotum  short  and  smooth.  Me- 
sonotum  smooth,  with  three  rows  of  punctures.  Scutellum 
smooth.  Mesopleurae  smooth,  basally  finely  aciculate.  Meta- 
pleurae smooth  above,  otherwise  coarsely  punctate,  separated 
by  a  narrow  punctate  sulcus  from  the  median  segment,  which 


442  The  Philippine  Journal  of  Science  1928 

is  basally  diffusely  punctate  laterally  and  apically  smooth.  Pet- 
iole finely  transstriate,  shorter  than  the  remaining  smooth, 
shining  segments.  Terebra  longer  than  body,  black.  Hind  coxae 
coarsely  transstriate,  as  long  as  the  femora,  which  are  smooth 
above,  laterally  transaciculate,  tridentate,  the  basal  tooth  rather 
small.  Tibiae  compressed  to  beyond  middle;  metatarsi  nearly 
three  times  as  long  as  the  remaining  joints.  Radius  emitted 
from  beyond  middle  of  the  very  large  stigma,  its  distal  section 
three  times  as  long  as  the  proximal. 

Black ;  head  red,  vertex  and  occiput  darker,  outer  orbits  pale, 
antennae  basally  and  median  segment  red;  anterior  legs  rufes- 
cent,  middle  tibise  and  tarsi  basally  white,  hind  tarsi  rufescent. 

Length,  9  millimeters ;  abdomen,  5.5 ;  petiole,  2.5 ;  terebra,  14. 

Singapore  (Baker). 

The  sculpture  of  the  median  segment  is  peculiar.  It  is  un- 
usual for  the  hind  metatarsi  to  be  entirely  rufescent,  when  the 
middle  ones  are  white  basally. 

PARASTEPHANELLUS    CURTICOLLIS    Elliott. 

Parastephanellus  curticollis  Elliott,   Philip.   Journ.   Sci.  29    (1926) 
524.    Female. 

PARASTEPHANELLUS    RUFESCENS    Elliott. 

Parastephanellus  rufescens   Elliott,   Philip.   Journ.    Sci.   29    (1926) 
523.     Female. 

PARASTEPHANELLUS    IMPUNCTATUS    Elliott. 

Parastephanellus  impunctatus  Elliott,  Philip.  Journ.  Sci.  29   (1926) 
523.     Female. 

PARASTEPHANELLUS   MONTANUS  sp.   nov. 

Female  and  male. — Frons  varies  from  roughly  transstriate  to 
almost  granulate  rugose ;  vertex  very  finely  transstriate ;  occiput 
smooth  and  shining,  finely  longitudinally  impressed;  posterior 
margin  of  head  bordered ;  posterior  tubercles  small  but  distinct, 
often  joined  by  a  more  or  less  distinct  bisinuate  ridge;  three 
carinae  behind  posterior  ocelli.  Scape  about  as  long  as  cheeks; 
antennae  normal,  third  flagellar  joint  sometimes  slightly  longer 
than  first  and  second  together.  Pronotum  very  short,  neck  lat- 
erally more  or  less  transstriate.  Mesonotum  finely  diffusely 
punctate,  with  three  fine  punctate  impressions.  Central  lobe  of 
scutellum  smooth  and  shinning,  separated  by  narrow  punctate 
sulci  from  the  dull,  finely  punctate  lateral  lobes.  Mesopleurae 
dull,  finely  transaciculate.  Metapleurae  coarsely  punctate,  sep- 
arated by  a  more  or  less  distinct  crenulate  sulcus  from  the  re- 
ticulate punctate  median  segment.     Petiole  finely  transstriate, 
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as  long  as  the  remaining  segments  in  female,  slightly  shorter 
in  male.  Terebra  in  female  as  long  as  body  or  slightly  longer. 
Hind  coxse  coarsely  transstriate,  as  long  as  the  tridentate 
femora;  tibiae  much  longer  than  femora,  compressed  in  basal 
two-fifths;  metatarsi  more  than  twice  as  long  as  the  re- 
maining joints  in  female,  little  longer  in  male.  Radius  emitted 
from  distal  third  of  stigma,  its  distal  section  three  times  as 
long  as  the  proximal. 

Black;  frons  red;  face,  base  of  mandibles,  cheeks,  temples, 
and  two  basal  antennal  joints  testaceous  or  ruf otestaceous ; 
vertex  and  occiput  black,  or  latter  basally  paler;  carinse  on 
vertex  red;  a  pale  line  under  eyes.  Legs  often  more  or  less 
rufescent,  middle  tibiae  and  metatarsi  basally  hind  metatarsi 
entirely  white.  Wings  hyaline,  stigma  and  nervures  red-brown 
to  black. 

Length :  Female,  9.5  to  13  millimeters ;  abdomen,  6  to  8 ;  pet- 
iole, 3  to  4;  terebra,  10  to  14;  male,  9  to  11.5  millimeters; 
abdomen,  5  to  7;  petiole,  2.5  to  3.5. 

Negros,  Cuernos  Mountains.  Mindanao,  Kolambugan.  Bor- 
neo, Sandakan   (Baker). 

Closely  allied  to  my  P.  monticola,  but  differs  in  the  sculpture 
of  the  frons,  mesonotum,  meso-,  and  metapleurae. 

PARASTEPHANELLUS  MONTICOLA  Elliott. 

Parastephanellus  monticola  Elliott,  Philip.   Journ.   Sci.   29    (1926) 
524.     Female. 
PARASTEPHANELLUS    SIMILIS    Elliott. 

Parastephanellus  similis  Elliott,  Philip.  Journ.  Sci.  29   (1926)   522. 
Female. 

PARASTEPHANELLUS   POLITUS   sp.   nov. 

Female. — Frons  rather  coarsely  transstriate,  two  weak  carinse 
behind  the  posterior  ocelli,  vertex  very  finely  transstriate,  oc- 
ciput and  ocellar  space  smooth;  posterior  margin  of  head  bor- 
dered; posterior  tubercles  well  developed.  Scape  as  long  as 
cheeks ;  antennae  normal.  Apical  half  of  neck  deeply  impressed 
and  laterally  finely  transstriate,  basal  half  and  the  semiannular 
smooth.  Mesonotum  superficially  punctate,  apically  smooth, 
with  three  punctate  impressions.  Scutellum  smooth  centrally, 
with  marginal  punctures,  lateral  lobes  punctate.  Mesopleurse 
smooth,  very  finely  punctate  beneath.  Metapleurse  transrugose 
above,  otherwise  coarsely  punctate,  separated  by  a  carina  from 
the  reticulate  punctate  median  segment.  Petiole  finely  trans- 
striate, as  long  as  rest  of  abdomen,  second  segment  basally 
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rugose.  Terebra  longer  than  body,  black.  Hind  coxae  trans- 
striate,  as  long  as  the  smooth,  tridentate  femora ;  tibiae  slightly 
shorter  than  femora  and  trochanters  together,  compressed  to 
middle;  metatarsi  twice  as  long  as  the  remaining  joints.  Radius 
emitted  from  apical  third  of  stigma,  which  is  rather  broad,  its 
distal  section  twice  as  long  as  the  proximal. 

Black;  head  red,  vertex  and  occiput  black;  pronotum,  base 
of  second  segment,  and  the  hind  tibise  rufescent;  anterior  legs 
and  hind  tarsi  ruf otestaceous ;  middle  tibiae  and  metatarsi  basally 
white ;  stigma  and  nervures  red-brown.  Antennae  basally  testa- 
ceous. 

Male. — Agrees  in  sculpture  with  the  female,  but  the  frons  is 
more  finely  sculptured;  hind  metatarsi  barely  as  long  as  rest. 

Black;  head  and  base  of  antennae  ruf  otestaceous,  vertex  and 
occiput  nigrescent;  pronotum,  base  of  second  segment,  and  hind 
trochanters  red ;  anterior  legs,  apex  of  hind  tibiae,  and  their  tarsi 
rufostestaceous. 

Length :  Female,  12  millimeters ;  abdomen,  8 ;  petiole,  4 ;  tere- 
bra, 14;  male,  10  millimeters;  abdomen,  6;  petiole,  3. 

Mindanao,  Dapitan  (Baker.) 

PARASTEPHANELLUS   RUBRIPICTUS   Elliott. 

Parastephanellus  rubripictus  Elliot,  Proc.  Zool.  Soc.  London   (1922) 
759.     Female  and  male. 

PARASTEPHANELLUS  RUGIPLEURAE  sp.  nov. 

Female. — Frons  coarsely  arcuate  striate,  ocellar  space  pen- 
tagonal, bounded  apically  by  carinae  between  the  inconspicuous 
anterior  tubercle  and  the  middle  pair,  laterally  by  slighter  carinae 
between  the  middle  and  posterior  pairs,  basally  by  a  bisinuate 
carina  between  the  latter  pair,  the  ocellar  space  itself  being 
longitudinally  carinate;  five  carinse  behind  the  posterior  ocelli, 
interrupted  by  a  longitudinal  sulcus  on  vertex,  not  extending 
quite  to  base  of  head,  remainder  of  vertex  irregularly  transcari- 
nate  and  punctate,  especially  laterally ;  occiput  smooth  with  a  row 
of  punctures;  posterior  margin  of  head  strongly  bordered. 
Scape  longer  than  cheeks ;  second  flagellar  joint  one  and  a  half 
times  as  long  as  first;  third  shorter  than  first  and  second  to- 
gether. Neck  rather  short,  laterally  transcarinate,  semiannular 
smooth,  apically  and  laterally  punctate.  Mesonotum  centrally 
smooth,  with  three  rows  of  rather  large  punctures,  apically 
and  laterally  punctate.  Central  lobe  of  scutellum  smooth,  with 
large  marginal  punctures,  lateral  lobes  diffusely  punctate.  Pro- 
pleurae   transaciculate.    Mesopleurae   basally   rugose   punctate, 
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apically  indistinctly  sculptured.  Metapleurae  coarsely  rugose 
punctate,  narrowly  smooth  above,  separated  by  a  strong  carina 
from  the  reticulate  median  segment.  Petiole  transstriate, 
shorter  than  the  remaining  smooth  segments.  Terebra  as  long 
as  body,  black.  Hind  coxae  transstriate,  as  long  as  the  smooth 
bidentate  femora;  tibiae  much  longer  than  femora,  compressed 
to  middle ;  metatarsi  about  three  times  as  long  as  the  remaining 
joints.  Radius  emitted  from  middle  of  stigma,  its  distal  section 
nearly  three  times  as  long  as  the  proximal. 

Black;  head  dark  red;  base  of  mandibles,  face,  and  outer 
orbits  flavescent,  frons  and  scape  light  red;  vertex  and  the 
carinae  nigrescent;  abdomen  dark  rufescent;  anterior  legs  red; 
hind  legs  dark  rufescent,  their  tarsi  paler.  Stigma  and  ner- 
vures  brownish. 

Length,  11  millimeters;  abdomen,  7;  petiole,  3;  terebra,  11. 

Mindanao,  Butuan  (Baker). 

The  sculpture  of  the  head  and  the  shape  of  the  ocellar  space 
are  distinctive ;  also  the  black  carinae  on  vertex. 

PARASTEPHANELLUS  VARIEGATUS   sp.  nov. 

Female  and  male. — Frons  basally  arcuately,  apically  trans- 
versely striate,  vertex  very  finely  transstriate,  with  two  carinae, 
occiput  smooth ;  posterior  margin  of  head  bordered ;  all  tubercles 
distinct.  Scape  as  long  as  cheeks ;  antennae  normal.  Pronotum 
smooth,  neck  of  average  length.  Mesonotum  nearly  smooth, 
with  three  distinct  impressions.  Scutellum  and  mesopleurae 
smooth.  Metapleurae  basally  smooth,  apically  rugose,  more  reg- 
ularly in  female  than  in  male,  separated  by  an  indistinct  carina 
from  the  diffusely  and  superficially  punctate  median  segment. 
Petiole  transstriate,  slightly  longer  than  the  remaining  segments 
in  female,  as  long  in  male.  Terebra  in  female  about  as  long  as 
body,  rufescent.  Hind  coxae  transstriate,  a  little  longer  than  the 
smooth  bidentate  femora ;  tibiae  much  longer  than  femora,  com- 
pressed in  basal  two-fifths;  metatarsi  three  times  as  long  as 
the  remaining  joints  in  female,  little  longer  in  male.  Radius 
emitted  from  apical  fourth  of  the  centrally  hyaline  stigma,  its 
distal  section  more  than  three  times  as  long  as  the  proximal. 

Dark  red  to  black;  head  red,  frons  and  base  of  antennae  paler; 
base  of  mandibles  and  the  outer  orbits  white,  ocellar  space 
nigrescent;  pronotum,  petiole,  base  of  second  segment,  and  hind 
legs  light  red,  anterior  legs  paler;  middle  metatarsi  basally, 
hind  ones  entirely  white. 
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Length:  Female,  7.5  millimeters;  abdomen,  4.5;  petiole,  2.5; 
terebra,  8;  male,  5  millimeters;  abdomen,  3.5;  petiole,  1.25. 
Mindanao,  Kolambugan.    Borneo,  Sandakan  (Baker). 

PARASTEPHANELLUS  QUADRIDENS  sp.  nor. 

Female. — Frons  granulate,  vertex  finely  transstriate,  occiput 
smooth,  finely  longitudinally  impressed;  two  carinae  behind  the 
posterior  ocelli;  posterior  margin  of  head  bordered.  Scape  as 
long  as  cheeks ;  antennae  normal.  Pronotum  smooth,  neck  short, 
deeply  impressed.  Mesonotum  with  three  distinct  rows  of  punc- 
tures, between  which  it  is  punctate,  the  extreme  lateral  angles 
striate.  Scutellum  smooth.  Mesopleurse  dull,  with  extremely 
fine  transaciculation.  Metapleurae  and  median  segment  retic- 
ulate punctate,  separated  by  a  strong  carina.  Petiole  trans- 
striate, very  little  shorter  than  the  remaining  smooth  shining 
segments.  Terebra  as  long  as  body,  black.  Hind  coxae  basally 
rugose,  apically  transstriate,  rather  shorter  than  the  smooth 
femora,  which  bear  two  long  sharp  teeth,  and  behind  them  two 
unusually  large  blunt  teeth,  in  addition  to  the  usual  smaller 
denticulations  between  and  beyond  the  large  ones;  tibiae  much 
longer  than  femora,  compressed  to  beyond  middle;  metatarsi 
three  times  as  long  as  the  remaining  joints.  Radius  emitted 
from  apical  third  of  stigma,  its  distal  section  three  times  as 
long  as  the  proximal. 

Black;  head,  scape,  and  first  flagellar  joint  red,  vertex  and 
occiput  nigrescent;  carinae  on  vertex  bright  red;  a  pale  line 
under  eyes;  anterior  legs  dark  red,  middle  metatarsi  basally, 
hind  ones  entirely  white.     Stigma  and  nervures  dark  red-brown. 

Length,  15  millimeters;  abdomen,  9.5;  petiole,  4.5;  terebra,  15. 

Mindanao,  Kolambugan  (Baker). 

Male. — Agrees  with  female  in  sculpture  and  color.  Petiole 
as  long  as  rest  of  abdomen ;  metatarsi  as  long  as  the  remaining 
joints. 

Length,  12  millimeters;  abdomen,  7;  petiole,  3.5. 

Mindanao.  Iligan  (Baker). 

The  sculpture  of  the  head,  mesopleurae,  and  hind  coxae  is 
specific,  also  the  femoral  teeth. 

PARASTEPHANELLUS  CRASSICOXAE  sp.  nov. 

Female. — Frons  coarsely,  subtransversely  rugose,  vertex  trans- 
striate, with  four  carinae,  occiput  laterally  smooth,  centrally 
very  finely  transtriate,  with  a  smooth  central  line;  posterior 
margin  of  head  finely  bordered;  posterior  tubercles  low  and 
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broad;  ocellar  space  longitudinally  striate.  Scape  longer  than 
cheeks,  twice  as  long  as  the  first,  rather  stout  flagellar  joint, 
third  shorter  than  first  and  second  together.  Neck  short,  trans- 
striate,  half  as  long  as  the  centrally  punctate  semiannular,  which 
has  a  few  transverse  striae,  basally  and  laterally  smooth.  Meso- 
notum  centrally  punctate,  with  three  rows  of  punctures,  laterally 
rugose.  Central  lobe  of  scutellum  centrally  smooth,  laterally  dif- 
fusely punctate,  as  are  also  the  lateral  lobes.  Pro-  and  meso- 
pleurae  transaciculate.  Metapleurae  basally  and  laterally  smooth, 
with  a  broad  central  triangular  space  rugose  punctate;  median 
segment  reticulate  punctate,  laterally  finely  rugose,  separated 
from  the  metapleurae  by  a  carina,  which  is  basally  fine,  coarser 
and  less  regular  on  apical  half.  Petiole  rather  coarsely  trans- 
striate,  basally  more  rugose,  shorter  than  the  remaining  smooth 
segments.  Terebra  slightly  shorter  than  body,  black.  Hind 
coxae  very  stout,  rather  finely  transstriate,  shorter  than  the  trans- 
aciculate, bidentate  femora;  tibiae  much  longer  than  femora, 
compressed  slightly  beyond  middle;  metatarsi  not  quite  three 
times  as  long  as  the  remaining  joints.  Radius  emitted  from 
just  beyond  middle  of  stigma,  its  distal  section  more  than  twice 
as  long  as  the  proximal. 

Black;  face,  mandibles  basally,  cheeks,  and  base  of  antennae 
ruf otestaceous,  outer  orbits  whitish ;  anterior  legs  ruf otestaceous, 
middle  tibiae  and  metatarsi  paler,  hind  trochanters  and  com- 
pressed part  of  hind  tibiae  rufescent,  their  tarsi  rufotestaceous. 

Length,  12  millimeters;  abdomen,  7.5;  petiole,  3;  terebra, 
nearly  12. 

Basilan  (Baker). 

Especially  characterized  by  the  very  short,  stout  hind  coxae. 

PARASTEPHANELLUS    CRASSIFEMUR   sp.  nov. 

Female. — Frons  subgranulately,  vertex  finely  and  evenly 
transstriate,  occiput  bassally  smooth,  two  carinae  on  vertex ;  pos- 
terior margin  of  head  finely  bordered;  all  tubercles  distinct. 
Scape  as  long  as  cheeks ;  antennae  normal.  Pronotum  smooth  and 
shining,  neck  short.  Mesonotum  punctate  with  three  fine  im- 
pressions. Scutellum  and  mesopleurae  smooth.  Metapleurae 
mostly  smooth,  apical  half  centrally  with  large,  superficial  punc- 
tures, separated  by  a  basally  incomplete  carina  from  the  median 
segment,  which  is  centrally  smooth,  otherwise  superficially 
punctate.  Petiole  transstriate,  shorter  than  the  remaining 
smooth  segments.     Terebra  much  longer  than  body,  black.     Hind 
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coxae  irregularly  transstriate,  as  long  as  the  smooth,  incrassate, 
bidentate  femora;  tibiae  not  much  longer  than  the  femora,  com- 
pressed in  basal  two-fifths ;  metatarsi  three  times  as  long  as  the 
remaining  joints.  Radius  emitted  from  the  apical  third  of 
stigma,  its  distal  section  four  times  as  long  as  the  proximal. 

Black;  head  red,  frons  and  base  of  antennae  rufotestaceous, 
vertex  including  the  carinae  nigrescent,  outer  orbits  white;  an- 
terior legs  light  red,  hind  ones  rufescent,  middle  metatarsi 
rufescent,  hind  ones  white.     Stigma  and  nervures  red-brown. 

Length,  7.5  to  8  millimeters;  abdomen,  4.5  to  5;  petiole,  2  to 
2.5;  terebra,  11  to  12. 

Borneo,  Sandakan.     Mindanao,  Butuan  {Baker) . 

PARASTEPHANELLUS    CLARIPENNIS    Cameron. 

Parastephanellus  claripennis  Cameron,  Entomologist  44    (1911)    56. 

PARASTEPHANELLUS   FULGENS  sp.  nov. 

Female. — Frons  finely  and  evenly,  vertex  indistinctly  trans- 
striate, occiput  smooth,  posterior  margin  of  head  bordered; 
frontal  tubercles  well  developed;  one  carina  between  posterior 
ocelli.  Scape  shorter  than  cheeks;  first  flagellar  joint  globose, 
the  rest  slender,  second  twice  as  long  as  first,  third  barely  as 
long  as  first  and  second  together.  Pronotum,  mesonotum, 
scutellum,  and  mesopleurae  smooth,  mesonotum  with  three 
punctate  impressions.  Metapleurae  indistinctly  transstriate, 
separated  by  an  impression  from  the  superficially  and  diffusely 
punctate  median  segment.  Petiole  extremely  finely  transstriate, 
as  long  as  the  remaining  smooth,  shining  segments.  Terebra 
much  longer  than  body,  rufescent.  Hind  coxae  slender,  finely 
transstriate,  apical  half  almost  smooth,  as  long  as  the  smooth, 
shining,  bidentate  femora ;  tibiae  much  longer  than  femora,  com- 
pressed to  beyond  middle ;  metatarsi  more  than  twice  as  long  as 
the  remaining  joints.  Radius  emitted  from  apical  third  of 
stigma,  its  distal  section  three  times  as  long  as  the  proximal. 

Rufotestaceous;  frons  and  vertex  darker,  outer  orbits  flaves- 
cent;  carinse  on  vertex  bright  red;  antennae  blackish  toward 
apex;  extreme  posterior  margins  of  pronotum  and  scutellum 
nigrescent;  abdomen  from  second  segment  rufescent;  hind 
metatarsi  whitish.  Stigma  and  nervures  brown-red,  former 
basally  hyaline. 

Length,  7  millimeters;  abdomen,  4;  petiole,  2;  terebra,  11. 

Mindanao,  Dapitan  (Baker). 

This  may  be  the  female  of  my  P.  leviceps  or  P.  minutus. 


35-4  Elliott:  New  Stephanidx,  IV  449 

PARASTEPHANELLUS   PALLIDITARSIS    Cameron. 

Parastephanellus  palliditarsis  Cameron,  Entomologist  44    (1911)   56. 
Female  and  male;  Elliott,  Philip.  Journ.  Sci.  29    (1926)    756. 

PARASTEPHANELLUS   POLYCHROMUS    Kieffer. 

Parastephanellus   polychromus    Kieffer,    Philip.   Journ.    Sci.    §    D    9 
(1926)    405.     Female  and  male. 

PARASTEPHANELLUS    PARVUS   sp.   nov. 

Female. — Frons  and  vertex  transstriate,  occiput  mostly,  two 
carinae  between  posterior  ocelli,  posterior  margin  of  head 
bordered;  all  tubercles  distinct.  Scape  longer  than  cheeks; 
antennae  normal.  Pronotum  smooth,  neck  not  very  short. 
Mesonotum  smooth,  with  three  slightly  punctate  impressions. 
Scutellum  and  mesopleurae  smooth.  Metapleurae  smooth  above, 
otherwise  punctate,  separated  by  a  slight  carina  from  the  in- 
distinctly sculptured  median  segment.  Petiole  as  long  as  the 
rest  of  the  smooth  abdomen.  Terebra  longer  than  body,  black. 
Hind  coxae  transstriate,  as  long  as  the  bidentate  femora;  tibiae 
compressed  in  basal  two-fifths;  metatarsi  more  than  twice  as 
long  as  the  remaining  joints.  Radius  emitted  from  apical 
third  of  the  long,  narrow  stigma,  its  distal  section  more  than 
twice  as  long  as  the  proximal. 

Black;  head  red,  vertex  nigrescent,  frons  rufotestaceous, 
outer  orbits  more  or  less  flavescent;  middle  metatarsi  basally, 
hind  ones  entirely  white ;  hind  coxae  black,  legs  otherwise  ruf es- 
cent. 

Male. — The  sculpture  of  the  head,  metapleurae,  and  median 
segment  is  less  distinct.  Petiole  longer  than  rest  of  abdomen; 
hind  metatarsi  about  as  long  as  the  remaining  joints. 

Head  red,  frons  and  basal  half  of  antennae  rufotestaceous; 
carinae  on  vertex  and  apices  of  the  frontal  tubercles  light  red; 
outer  orbits  white. 

Length :  Female,  6  to  7.5  millimeters ;  abdomen,  4  to  5 ;  petiole, 
2  to  2.5 ;  terebra,  8  to  8.5 ;  male,  5.5  to  6  millimeters ;  abdomen, 
3.5  to  4;  petiole,  1.75  to  2. 

Borneo,  Sandakan  (Baker). 

PARASTEPHANELLUS    NIGER   sp.  nov. 

Female  and  male. — Frons  varies  from  finely  transrugose  to 
decidedly  transstriate,  vertex  transstriate,  occiput  smooth ;  pos- 
terior margin  of  head  bordered ;  two  carinae  behind  the  posterior 
ocelli;  all  tubercles  distinct.  Scape  as  long  as,  or  slightly 
longer  than  cheeks;  antennae   normal.     Neck   short,   laterally 
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more  or  less  distinctly  transstriate,  semiannular  smooth.  Meso- 
notum  rather  large,  smooth,  with  three  impressions,  sometimes 
laterally  diffusely  punctate.  Scutellum  and  mesopleurae  smooth, 
latter  sometimes  basally  transaciculate.  Metapleurae  coarsely 
punctate,  with  a  smooth  space  apically  above,  sometimes  almost 
smooth  basally,  separated  from  the  superficially  punctate  median 
segment  by  a  carina,  on  each  side  of  which  is  a  line  of  more  or 
less  distinct  punctures.  Petiole  finely  transstriate,  as  long  as 
the  remaining  smooth  segments  in  female,  slightly  longer  in 
male.  Terebra  in  the  female  as  long  as,  or  slightly  longer  than 
body,  black.  Hind  coxae  cylindrical,  transstriate,  rather  longer 
than  the  smooth,  bidentate  femora;  tibiae  longer  than  femora, 
compressed  in  basal  three-fifths ;  metatarsi  three  times  as  long  as 
the  remaining  joints  in  female,  as  long  as,  or  very  slightly 
longer  than  in  male.  Radius  emitted  from  apical  third  of 
stigma,  its  distal  section  three  times  as  long  as  the  proximal. 

Black ;  head  brownish  red  to  red,  f rons  lighter  or  darker  red, 
outer  orbits  flavescent,  ocellar  space  and  vertex  nigrescent  to 
black,  carinse  on  vertex  red;  legs  black  to  rufescent,  middle 
metatarsi  sometimes  basally,  hind  ones  always  entirely  flavescent 
to  white.     Stigma  and  nervures  red-brown  to  black. 

Length :  Female,  9  to  13  millimeters ;  abdomen,  5  to  8 ;  petiole, 
2.5  to  4;  terebra,  11  to  14;  male,  6  to  10  millimeters;  abdomen, 
3.5  to  6 ;  petiole,  2  to  3.25. 

Mindanao,  Dapitan.  Borneo,  Sandakan.  Luzon,  Mount 
Limay.     Basilan  (Baker). 

The  differences  between  the  specimens  are  due  chiefly  to  the 
degree  of  distinctness  of  the  sculpture,  and  the  depth  of  the 
color.  I  do  not  consider  them  sufficient  to  justify  the  erection 
of  new  species. 

PARASTEPHANELLUS  GLABERRIMUS  sp.  nov. 

Male. — Frons  and  vertex  extremely  finely  transstriate,  oc- 
ciput smooth,  posterior  margin  of  head  bordered;  two  carinse 
on  vertex ;  posterior  tubercles  distinct.  Scape  as  long  as  cheeks ; 
antennae  normal.  Pronotum  and  mesonotum  smooth,  latter  with 
three  almost  impunctate  impressions,  the  central  one  indistinct. 
Scutellum  and  mesopleurae  smooth.  Metapleurae  almost  smooth, 
separated  by  an  impression  from  the  superficially  reticulate 
punctate  median  segment.  Petiole  finely  transstriate,  as  long  as 
rest  of  abdomen.  Hind  coxae  finely  transstriate,  femora  smooth, 
tridentate ;  tibiae  much  longer  than  femora,  compressed  in  basal 
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three-fifths;  metatarsi  one  and  a  half  times  as  long  as  the  re- 
maining joints.  Radius  emitted  from  apical  third  of  stigma, 
its  distal  section  nearly  four  times  as  long  as  the  proximal. 

Black;  head  dark  red;  vertex  nigrescent,  frons  and  antennae 
mostly  rufotestaceous,  outer  orbits  flavescent;  carinse  on  vertex 
bright  red;  anterior  legs  rufous,  tarsi  paler;  hind  legs  rufes- 
cent,  their  metatarsi  white.     Stigma  and  nervures  red-brown. 

Length,  5  millimeters;  abdomen,  3;  petiole,  1.5. 

Borneo,  Sandakan  (Baker). 

PARASTEPHANELLUS    SINUATUS   sp.   nor. 

Male. — Frons  and  vertex  very  finely,  but  not  very  distinctly 
transstriate,  vertex  smooth;  one  stout  carina  between  the  pos- 
terior ocelli;  posterior  margin  of  head  bordered;  all  tubercles 
distinct.  Scape  as  long  as  cheeks;  antennae  normal.  Neck 
rather  long,  transstriate  finely,  semiannular  smooth.  Mesono- 
tum  centrally  strongly  punctate,  lateral  angles  carinate,  three 
impressions,  the  lateral  ones  apically  more  finely  punctate.  Me- 
sopleurse  smooth  above,  lightly  punctate  beneath.  Metapleurae 
rugose  punctate,  separated  from  the  closely  punctate  median 
segment  by  a  strong  carina,  with  a  row  of  short  costse  on  the 
outer  side,  and  a  line  of  punctures  on  the  inner.  Petiole  finely 
transstriate,  basally  rugose,  longer  than  the  remaining  segments, 
second  segment  basally  rugose.  Hind  coxae  rather  coarsely 
transstriate,  fully  as  long  as  the  smooth,  bidentate  femora; 
tibiae  much  longer  than  femora,  compressed  to  slightly  beyond 
middle;  metatarsi  about  as  long  as  the  remaining  joints.  Ra- 
dius emitted  from  apical  fourth  of  the  rather  broad  stigma, 
its  bisinuate  basal  section  half  as  long  as  the  distal ;  all  nervures 
very  strong. 

Black ;  frons  and  scape  light  red,  frontal  tubercles  and  carinae 
on  vertex  bright  red;  antennae  testaceous,  apically  darker; 
second  segment  red;  hind  femora  and  tibiae  rufescent,  anterior 
legs  and  hind  tarsi  rufotestaceous.  Stigma  and  nervures  red 
brown. 

Length,  10.5  millimeters;  abdomen,  6.5;  petiole,  3.5. 

Mindanao,  Davao  (Baker). 

Characterized  especially  by  the  very  strong  nervures  in  fore- 
wing,  and  the  bisinuate  basal  section  of  the  radius.  There  are 
quadrate  depressions  between  the  short  costae  on  outer  side 
of  the  carina  bounding  the  median  segment.  Apparently  closely 
allied  to  my  P.  niger. 
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PARASTEPHANELLUS  MINUTUS   sp.  nov. 

Male. — Frons  extremely  finely  and  closely  transstriate,  vertex 
and  occiput  smooth,  former  sometimes  with  traces  of  apical 
transstriation ;  no  distinct  carinae  on  vertex ;  posterior  tubercles 
subobsolete ;  posterior  margin  of  head  bordered.  Scape  as  long 
as  cheeks,  third  flagellar  joint  slightly  shorter  than  first  and 
second  together.  Pronotum  smooth  and  shining,  neck  half  as 
long  as  the  semiannular.  Mesonotum  short,  with  the  usual 
three  impressions.  Scutellum  and  mesopleurae  smooth  and  shin- 
ing. Metapleurae  confusedly  rugose,  separated  by  a  carina  from 
the  more  or  less  distinctly  reticulate  punctate  median  segment. 
Petiole  as  long  as  the  remaining  smooth,  shining  segments.  Hind 
coxae  finely  transstriate,  as  long  as  the  smooth,  shining,  biden- 
tate  femora;  tibiae  much  longer  than  femora,  compressed  to 
beyond  middle;  metatarsi  as  long  as  the  remaining  joints.  Ra- 
dius emitted  from  apical  third  of  stigma,  its  distal  section  three 
times  as  long  as  the  proximal. 

Dark  red;  head  rufotestaceous,  frons  often  testaceous,  vertex 
sometimes  darker,  outer  orbits  flavescent;  pronotum,  petiole 
sometimes,  second  abdominal  segment,  and  anterior  legs  rufo- 
testaceous, hind  legs  lighter  or  darker  red,  their  tibiae  basally 
and  the  tarsi  flavescent.     Stigma  and  nervures  red-brown. 

Length,  5  to  6  millimeters;  abdomen,  3  to  3.5;  petiole,  1.5 
to  1.75. 

Borneo,  Sandakan.    Basilan  (Baker). 

The  smooth  vertex  and  the  absence  of  a  carina  are  char- 
acteristic.    The  black  ocelli  are  especially  conspicuous. 

PARASTEPHANELLUS  MACULIFRONS  Cameron. 

Parastephanellus  maculifrons  Cameron,  Journ.  Straits  Branch.  Roy. 
Asiat.  Soc.  37  (1902)  32;  Elliott,  Proc.  Zool.  Soc.  London  (1922) 
751. 

PARASTEPHANELLUS   LEVICEPS   sp.  nov. 

Male. — Frons  and  vertex  indistinctly  transstriate,  occiput 
smooth;  one  carina  between  posterior  ocelli;  posterior  margin 
of  head  bordered  laterally  only,  posterior  tubercle  obsolete. 
Scape  as  long  as  cheeks,  first  flagellar  joint  globose,  second 
twice  as  long  as  first,  third  scarcely  as  long  as  first  and  second 
together.  Pronotum  smooth  amd  shining,  neck  elongate.  Meso- 
notum smooth,  with  three  impressions,  the  central  one  indis- 
tinct. Scutellum  and  mesopleurae  smooth.  Metapleurae  rugose, 
separated  by  a  carina  from  the  reticulate  punctate  median 
segment.     Petiole  finely  transstriate,  longer  than  the  remain- 
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ing  smooth  segments.  Hind  coxae  transstriate ;  femora  inflated, 
bidentate;  tibiae  little  longer  than  femora,  compressed  to  be- 
yond middle;  metatarsi  little  longer  than  the  remaining  joints. 
Radius  emitted  from  apical  third  of  the  rather  broad  stigma, 
its  distal  section  more  than  twice  as  long  as  the  proximal. 

Rufescent;  head  red,  vertex  darker,  outer  orbits  flavescent. 
Pronotum  and  anterior  legs  rufotestaceous,  hind  legs  rufescent; 
hind  tarsi  flavescent.     Stigma  and  nervures  red-brown. 

Length,  8.5  millimeters;  abdomen,  5.5;  petiole,  3. 

Basilan   (Baker). 

This  species  strongly  resembles  my  P.  minutus.  It  differs 
in  larger  size,  stronger  sculpture  of  head,  metapleurae,  and 
median  segment,  in  the  presence  of  a  carina  on  vertex,  and  in 
the  much  longer  neck. 

PARASTEPHANELLUS  RUGIFRONS  sp.  nor. 

Male. — Frons  transrugose,  vertex  coarsely  transstriate,  oc- 
ciput smooth;  two  carinae  behind  posterior  ocelli;  posterior 
margin  of  head  bordered;  all  tubercles  distinct.  Scape  shorter 
than  cheeks,  third  flagellar  joint  longer  than  first  and  second 
together.  Pronotum  smooth  and  shining.  Mesonotum  with 
three  impressions,  and  a  row  of  punctures  on  each  side  of  the 
central  one,  lateral  angles  slightly  rugose.  Scutellum  and  meso- 
pleurae  smooth.  Metapleurae  rugose  punctate,  separated  by 
a  basally  incomplete  carina  from  the  lightly,  diffusely  punctate 
median  segment.  Petiole  transstriate,  as  long  as  the  remain- 
ing smooth,  shining  segments.  Hind  coxae  finely  transstriate, 
their  femora  smooth,  bidentate ;  tibiae  much  longer  than  femora, 
compresed  in  basal  two-thirds;  metatarsi  scarcely  longer  than 
the  remaining  joints. 

Radius  emitted  from  apical  third  of  stigma  (apices  of  wings 
broken) . 

Black;  head  dark  red,  outer  orbits  flavescent;  face,  frons 
apically,  three  or  four  basal  antennal  joints,  and  anterior  legs 
rufotestaceous;  petiole  and  hind  legs  rufescent;  carinae  on  ver- 
tex and  second  abdominal  segment  light  red ;  hind  tarsi  whitish. 
Stigma  and  nervures  brown. 

Length,  7  millimeters;  abdomen,  4;  petiole,  2. 

Borneo,  Sandakan  (Baker). 

This  may  possibly  prove  to  be  the  male  of  my  P.  crassifemur. 


NEW  OR  LITTLE-KNOWN   TIPULID^E   FROM   EASTERN 
ASIA  (DIPTERA),II 

By  Charles  P.  Alexander 

Of  Amherst,  Massachusetts  1 

TWO    PLATES 

The  species  considered  at  this  time  are  virtually  all  from 
the  mountains  of  Formosa,  where  they  were  collected  chiefly 
by  Prof.  Syuti  Issiki.  An  additional  Formosan  species  was 
included  in  the  extensive  collections  of  crane  flies  made  in 
August,  1921,  by  Prof.  Teiso  Esaki.  A  few  species  are  from 
Kiushiu  and  Shikoku  Islands,  Japan,  where  they  were  collected 
by  Messrs.  Issiki  and  Uye.  One  interesting  form  that  is  made 
the  type  of  a  new  genus,  Riedelornyia,  was  included  in  the  very 
extensive  collections  of  the  Indian  Museum,  Calcutta,  kindly 
loaned  to  me  for  study  by  the  custodians,  Messrs.  Chopra  and 
Singh  Pruthi.  I  wish  to  thank  all  of  the  above-mentioned 
students  for  this  kind  cooperation  in  making  known  the  very 
involved  tipulid  fauna  of  the  Orient.  Except  where  stated  to 
the  contrary,  the  types  of  the  novelties  herein  described  are 
preserved  in  my  collection. 

In  this  paper  and  all  others  prepared  subsequent  to  1926,  I 
have  adopted  the  modification  of  the  radial  field  of  the  wing 
suggested  by  myself  in  other  papers,  especially  in  the  extended 
account  published  in  1927.2  At  the  same  time,  the  rearrange- 
ment of  tribes  and  subtribes  based  on  the  apparent  phylogenetic 
relationships  of  the  groups  is  adopted,  this  arrangement  placing 
the  Tipulinae  and  the  Cylindrotominae  at  the  beginning  of  the 
consideration  and  in  much  closer  relationship  to  the  tribe  Li- 
moniini  than  was  realized  earlier. 

1  Contribution  from  the  Department  of  Entomology,  Massachusetts  Agri- 
cultural College. 

2Proc.  Linn.  Soc.  New  South  Wales  52   (1927)   42-72,  92  figs. 
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TIPULIN>£ 
NESOPEZA   CIRCE  sp.   nov. 

General  coloration  brown;  antennae  pale;  wings  gray  with 
an  extensive  brown  pattern,  each  mark  bordered  by  a  conspicuous 
whitish  ring;  a  circular  marginal  area  in  cell  1st  A  remote  from 
the  veins;  S^  far  before  the  tip  of  Sc2;  R2  and  r  in  perfect 
transverse  alignment;  forks  of  media  short. 

Male. — Length,  about  9.5  millimeters;  wing,  8.8. 

Female. — Length,   about   12   millimeters;   wing,   11. 

Rostrum  and  palpi  dark  brown.  Antennae  with  the  scapal 
segments  brown;  flagellar  segments  pale  yellow,  vaguely  dark- 
ened outwardly;  flagellar  segments  cylindrical.  Head  grayish 
brown. 

Pronotum  dark  brown.  Mesonotal  praescutum  brownish  tes- 
taceous with  three  darker  brown  stripes,  the  median  one  broad ; 
scutum  brownish  testaceous,  each  lobe  with  two  darker  brown 
areas,  the  posterior  one  larger;  scutellum  brown,  narrowly 
margined  with  brownish  testaceous;  postnotum  brown,  paler 
laterally.  Propleura,  anepisternum,  sternopleurite,  and  meron 
dark  brown,  the  pteropleurite  and  pleurotergite  paler,  more 
testaceous  brown.  Halteres  long,  pale  yellow,  the  knobs  dark 
brown.  Legs  with  the  fore  coxae  dark  brown,  the  remaining 
coxae  a  little  paler;  trochanters  pale  yellow;  remainder  of  legs 
broken.  Wings  with  the  ground  color  gray,  with  an  extensive 
bright  brown  pattern,  each  marking  broadly  and  conspicuously 
bordered  with  white  to  produce  a  remarkably  beautiful  pattern ; 
cell  C  and  outer  end  of  cell  Sc  whitish.  The  brown  areas  are 
distributed  as  follows:  Prearcular  region  except  a  small  white 
spot  before  h;  a  large  postarcular  cloud,  including  all  the  cells 
except  C,  sparsely  variegated  with  white  in  the  bases  of  cells 
M,  1st  A,  and  2d  A;  a  large  area  at  near  one-third  the  length 
of  cell  R;  origin  of  Rs;  a  conspicuous  band  along  the  cord, 
completely  traversing  the  wing  but  almost  interrupted  at  M; 
wing  tip  in  cells  R2,  R3,  R5,  and  M2,  each  of  these  with  a  con- 
spicuous white  inclosed  area  near  outer  end;  a  large  circular 
marginal  area  in  cell  1st  A,  remote  from  either  vein,  inclosing 
a  tiny  white  nucleus  which  lies  on  the  wing  margin;  tips  of 
veins  M2,  M3,  M4,  and  2d  A,  with  small  brown  spots,  similarly 
encircled  with  white;  a  small  area  on  Scx;  veins  brown.  A 
single  small  obliterative  area  traverses  the  basal  section  of 
M1+2  near  midlength.  Venation  (Plate  1,  figs.  1,  la)  :  Scx  far 
before  the  tip  of  Sc2,  the  latter  nearly  twice  m-cu ;  Rs  relatively 
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short,  angulated  and  weakly  spurred  at  origin,  subequal  to  R3; 
R2+3  about  one-half  R3;  basal  section  of  R2  long,  perpendicular, 
in  alignment  with  the  similarly  transverse  r,  the  distal  section 
of  R2  entirely  atrophied;  distal  section  of  Ra  without  macro- 
trichiae ;  R3  gently  arcuated ;  forks  of  the  radial  veins  relatively 
short. 

Abdominal  tergites  brown,  variegated  laterally  at  base  with 
restricted  yellow  markings;  outer  segments  more  uniformly 
darkened;  sternites  dark,  segments  3  and  4  with  a  conspicuous 
yellow  crossband  on  the  posterior  half,  the  extreme  caudal  mar- 
gins of  the  segments  narrowly  blackened.  In  the  female,  the 
pale  coloration  is  dirty  white  and  less  evident.  Ovipositor 
with  short,  stout  valves,  the  sternal  valves  ending  in  short 
needlelike  points. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  4,000  feet,  June 
2,  1927  (S.  Issiki) .     Allotopotype,  female. 

Nesopeza  circe  is  very  distinct  from  all  described  members 
of  the  genus.  The  details  of  venation,  especially  the  position 
of  Sc2,  together  with  the  transverse  alignment  of  r  and  the  basal 
section  of  R2,  are  noteworthy  features. 

TIPULA  TETRACANTHA   sp.  nov. 

General  coloration  dark,  the  base  of  the  abdomen  yellowish; 
antennal  flagellum  bicolorous,  dark,  the  base  of  each  segment 
yellow;  wings  yellowish  brown,  the  stigma  brown;  male  hypo- 
pygium  with  the  outer  dististyle  a  strongly  curved  rod  that 
terminates  in  an  acute  spine;  inner  dististyle  a  flattened  blade, 
the  outer  margin  near  base  bearing  two  acute  black  spines. 

Male. — Length,  about  13  milimeters;  wing,  17;  antennae, 
about  4.5. 

Described  from  an  alcoholic  specimen. 

Frontal  prolongation  of  the  head  relatively  short,  obscure 
yellow,  narrowly  darkened  medially;  nasus  long  and  slender; 
palpi  pale.  Antennae  of  moderate  length ;  scapal  segments  pale ; 
flagellar  segments  dark  brown,  the  basal  enlargement  of  each 
segment  yellow;  only  twelve  antennal  segments,  the  last  very 
small.     Vertex  dark,  the  genae  pale. 

Mesonotum  dark,  any  pruinosity  normally  present  invisible 
in  the  alcoholic  type.  Pleura  dark,  the  pteropleurite  and  pleu- 
rotergite  paler ;  dorsopleural  region  pale.  Halteres  pale.  Legs 
long  and  slender;  fore  coxae  dark,  the  middle  coxae  dark  except 
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basally,  the  posterior  coxae  pale ;  trochanters  pale  yellow ;  femora 
obscure  yellow,  the  tips  narrowly  but  conspicuously  dark  brown ; 
tibiae  obscure  yellow,  darker  outwardly,  the  tips  dark  brown; 
tarsi  elongated,  passing  into  dark  brown.  Wings  with  a 
yellowish  brown  suffusion,  the  base  and  cells  C  and  Sc  more 
yellowish;  stigma  oval,  brown;  obliterative  areas  relatively 
conspicuous,  including  one  in  the  outer  end  of  cell  R,  crossing 
cell  1st  M2  into  the  extreme  base  of  cell  M3 ;  veins  brown.  Ve- 
nation: Basal  section  of  R2  very  reduced;  distal  section  entire; 
petiole  of  cell  M^  short,  a  trifle  longer  than  m;  cell  2d  A  rela- 
tively narrow. 

Abdomen  with  the  basal  segments  yellowish,  the  subter- 
minal  segments  passing  into  pale  brown,  the  outer  segments, 
including  the  hypopygium,  blackened.  Male  hypopygium  of 
moderate  size,  the  tergite  entirely  separate  from  the  sternite; 
basistyle  fused  with  the  sternite  except  beneath.  Ninth  ter- 
gite (Plate  2,  fig.  13,  t)  long,  narrowed  outwardly,  the  apex 
terminating  in  two  blackened  subspinulose  lobes  that  are  sep- 
arated from  one  another  by  a  small  V-shaped  notch.  Outer 
dististyle  (Plate  2,  fig.  13,  o)  a  strongly  curved,  flattened, 
semichitinized  blade  that  narrows  to  an  acute  black  spine. 
Inner  dististyle  a  broadly  compressed  yellow  blade,  the  outer 
ventral  margin  armed  with  two  conspicuous  black  spines  (Plate 
2,  fig.  13,  i).  Ninth  sternite  with  an  acute  notch  from  which 
hang  ventrad  two  slender  fleshy  lobes  that  bear  conspicuous 
yollow  setae.     Eighth  sternite  unarmed. 

Habitat. — Japan. 

Holotype,  male,  Shikoku,  July  4,  1926  (S.  Issiki) . 

CYLINDROTOMIN^E 
LIOGMA   PECTINICORNIS   sp.   nor. 

General  coloration  pale  yellow,  the  praescutum  and  scutum 
conspicuously  marked  with  black;  flagellar  segments  with  long 
apical  pectinations;  wings  nearly  hyaline,  the  stigma  pale 
brown. 

Male. — Length,  about  9  milimeters ;  wing,  9 ;  antenna,  about  4. 

Described  from  an  alcoholic  specimen. 

Rostrum  pale  yellow;  palpi  pale.  Antennae  with  the  scapal 
segments  yellow,  the  flagellum  a  little  darker;  antennae  (Plate  2, 
fig.  22)  sixteen-segmented,  with  thirteen  branched  segments,  the 
formula  being  2  +  13  +  1 ;  all  flagellar  segments  except  the 
last  with  a  conspicuous  slender  branch  at  the  extreme  apex 
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of  the  segment,  the  longest  (on  flagellar  segments  4  and  5) 
nearly  as  long  as  the  segment;  last  branch  short,  scarcely  one- 
fourth  the  segment;  segments  with  conspicuous  elongate  ver- 
ticils, including  a  group  of  four  or  five  on  the  outer  face  of 
the  segment  before  the  branch;  each  branch  terminates  in 
two  elongate  setae,  that  of  the  longest  approximately  two-thirds 
the  branch;  terminal  segment  elongate,  simple.  Head  above 
brownish  black,  the  remainder  obscure  yellow. 

Pronotum  and  mesonotum  pale  yellow,  the  prsescutum  with 
three  shiny  black  stripes,  the  lateral  stripes  crossing  the  suture 
onto  the  scutal  lobes.  Pleura  yellow.  Halteres  pale.  Legs 
with  the  coxae  and  trochanters  yellow ;  remainder  of  legs  brown- 
ish yellow,  with  dark  setae,  the  terminal  tarsal  segments  darker. 
Wings  nearly  hyaline,  the  stigma  pale  brown;  veins  dark  brown. 
Venation:  Scx  not  reaching  the  margin,  appearing  as  a  long 
spur;  Sc2  opposite  midlength  of  the  basal  section  of  R4J_5;  tip 
of  Rx  vaguely  indicated;  tip  of  R2  atrophied;  r-m  short  but 
distinct,  m-cu  close  to  the  fork  of  M. 

Abdomen  light  brown,  the  sternites  paler. 

Habitat. — Formosa. 

Holotype,  male,  Musha,  altitude  about  3,500  feet,  October 
5,  1926   (S.  Issiki). 

Liogma  pectinicornis  marks  the  most  extreme  tendency  toward 
serration  of  the  antennae  in  the  Cylindrotominae  that  has  yet 
been  discovered. 

LIMONIIN^E 
LIMONIA  FRAUDULENTA   sp.  nov. 

Thoracic  dorsum  shiny  black ;  head  obscure  yellow,  the  vertex 
infuscated;  antennae  moniliform;  dorsal  pleurites  black,  the 
ventral  sclerites  abruptly  yellow;  wings  with  a  strong  brown 
suffusion,  the  stigma  darker ;  male  hypopygium  with  the  dorsal 
dististyle  very  reduced;  tips  of  the  gonapophyses  obtuse. 

Male. — Length,  about  5  millimeters;  wing,  5.5. 

Described  from  an  alcoholic  specimen. 

Rostrum  and  palpi  very  short,  rostrum  yellow;  palpi  dark 
brown  and  apparently  only  two-segmented.  Antennae  with  the 
first  scapal  segment  obscure  yellow,  the  remainder  of  the  organ 
dark  brown;  basal  flagellar  segments  subglobular,  a  little 
broader  than  long,  distinctly  separated  so  as  to  appear  monili- 
form; outer  segments  passing  into  oval;  terminal  segment 
elongate,  pointed  at  apex.  Head  pale  yellow,  the  vertex  infus- 
cated, paling  into  yellow  behind. 
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Pronotum  pale  yellow  in  front,  shiny  black  behind.  Meso- 
notum  entirely  shiny  black;  pleura  black  dorsally,  abruptly  pale 
yellow  ventrally,  the  latter  color  including  the  sternopleurite 
and  meron.  Halteres  dusky,  the  knobs  obscure  yellow.  Legs 
with  the  coxae  and  trochanters  yellow;  femora  obscure  yellow, 
the  tips  infuscated;  tibise  brownish  yellow,  the  tips  narrowly 
infuscated,  tarsi  obscure  brownish  yellow,  the  terminal  segment 
blackened.  Wings  with  a  strong  brownish  suffusion,  the  oval 
stigma  darker  brown;  veins  dark  brown.  Venation  (Plate  1, 
fig.  2)  :  Sc  long,  Sct  ending  just  beyond  midlength  of  Rs,  Sc2 
at  its  tip ;  Rs  about  twice  the  basal  deflection  of  R4+5 ;  distal 
section  of  Rx  and  basal  section  of  R2  in  approximate  transverse 
alignment;  cell  1st  M2  relatively  small,  shorter  than  the  veins 
beyond  it;  m-cu  subequal  to  the  distal  section  of  Cut,  placed 
shortly  before  the  fork  of  M. 

Abdominal  tergites  dark  brown ;  sternites  similar,  the  caudal 
margins  of  the  intermediate  segments  narrowly  yellowish; 
subterminal  segment  brownish  yellow ;  hypopygium  dark.  Male 
hypopygium  (Plate  2,  fig.  14)  with  the  ninth  tergite  low,  the 
caudal  margin  gently  emarginate.  Basistyle  relatively  slender, 
the  mesal  lobe  very  large.  Ventral  dististyle  smaller  than  the 
basistyle,  fleshy,  the  rostral  prolongation  long  and  conspicuous, 
near  its  base  with  a  small  tubercle  that  bears  two  closely  ap- 
proximated pale  spines.  Dorsal  dististyle  reduced  to  a  very 
small,  slender  rod.  ^Edeagus  broad,  with  very  broad  subtend- 
ing lateral  wings.  Gonapophyses  stout,  flattened,  their  tips 
obtuse. 

Habitat. — Formosa. 

Holotype,  male,  west  side  of  Mount  Daibu,  altitude  3,000  to 
5,000  feet,  mid-March,  1927  (S.  Issiki). 

In  its  polished  black  thorax,  Limonia  fraudulenta  bears  a 
conspicuous  superficial  resemblance  to  species  of  Dicranomyia  of 
the  morio  group. 

LIMONIA    REMISSA   sp.   nov. 

General  coloration  pale  ocherous,  anterior  vertex  silvery; 
mesonotal  praescutum  with  three  darker  brown  stripes ;  a  dorsal 
longitudinal  brown  stripe  on  the  thoracic  pleura;  wings  pale 
brownish  yellow  with  an  extensive  pattern  of  brown  spots  and 
seams;  Sc  long. 

Male. — Length,  about  7  millimeters;  wing,  6.8. 

Described  from  an  alcoholic  specimen. 
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Rostrum  and  palpi  black.  Antennae  with  the  first  scapal  seg- 
ment black,  the  second  a  little  paler;  flagellum  pale  brown; 
flagellar  segments  oval,  passing  into  elongate-oval;  terminal 
segment  elongate,  nearly  twice  the  penultimate.  Anterior  ver- 
tex silvery  gray,  with  a  small  median  tubercle;  head  behind 
blackened,  the  median  area  more  silvery. 

Pronotum  pale  ocherous  above,  dark  brown  laterally.  Meso- 
notum  pale  ocherous,  the  praescutum  with  three  darker  brown 
stripes;  scutal  lobes  and  scutellum  dark  brown,  the  median 
area  of  the  former  paler ;  postnotum  dark.  Pleura  yellow  with 
a  broad  dark  brown  longitudinal  stripe  that  extends  from  the 
cervical  sclerites  across  the  dorsal  pleurites  to  the  postnotum, 
including  the  pleurotergite ;  sternopleurite  a  little  infuscated 
ventrally.  Halteres  relatively  elongate,  pale,  the  knobs  infus- 
cated. Legs  with  the  coxae  obscure  yellow;  trochanters  brown- 
ish yellow;  femora  brownish  yellow,  clearer  yellow  basally,  the 
tips  narrowly  darker  brown;  tibiae  and  tarsi  darker  brown, 
especially  the  distal  segments  of  the  latter.  Wings  with  a  pale 
brownish  yellow  suffusion,  darker  in  the  costal  region  and  base 
of  cell  R;  an  extensive  rich  brown  pattern,  consisting  of  large 
spots  and  seams  that  are  diffuse  and  poorly  delimited,  including 
the  following:  Base  of  cells  R  and  M;  a  large  area  at  origin 
of  Rs,  not  reaching  M;  a  smaller  cloud  at  end  of  Sc,  extending 
from  the  costa  posteriorly  almost  across  cell  1st  Rx ;  the  stigmal 
spot  completely  fusing  with  a  broad  seam  along  the  cord  and 
with  conspicuous  dusky  seams  that  fill  cells  2d  Rt  and  R3  ex- 
cepting a  large  pale  spot  beyond  the  stigma;  a  broad  seam  on 
the  outer  end  of  cell  1st  M2;  large  diffuse  spots  at  ends  of 
veins  M3,  M4,  Cux,  and  the  anal  veins,  becoming  larger  toward 
the  wing  base;  veins  pale  brown,  paler  in  the  ground  areas. 
Venation:  Sc  long,  Scx  ending  about  opposite  three-fifths  the 
long  Rs,  Sc2  not  far  from  its  tip ;  Rs  angulated  and  short-spurred 
at  origin;  tip  of  Rx  in  approximate  alignment  with  R2;  cell 
1st  M2  elongate,  nearly  as  long  as  vein  M1+2  beyond  it ;  m-cu  a 
little  shorter  than  the  distal  section  of  Cux,  placed  shortly 
before  the  fork  of  M. 

Abdominal  tergites  dark  brown,  the  incisures  restrictedly 
pale ;  sternites  1  to  4  with  the  basal  third  or  more  conspicuously 
pale  yellow.  Male  hypopygium  (Plate  2,  fig.  15)  with  the  ba- 
sistyle  relatively  large,  the  mesal  lobe  large,  obtuse.  Ventral 
dististyle  smaller  than  the  basistyle,  pale,  the  apex  bilobed,  the 
outer  or  lateral  portion  setiferous,  the  inner  portion  larger, 
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produced  mesally  into  a  flattened  beaklike  rostrum;  on  the  side 
of  this  inner  lobule  an  oval  area  that  is  densely  set  with  conspic- 
uous tawny  setae;  outer  face  of  the  rostrum  with  a  similar 
fringe  of  setae.  Dorsal  dististyle  a  relatively  slender,  curved 
chitinized  rod,  the  tip  acute,  decurved.  Gonapophyses  very 
broad  and  flattened,  the  mesal  apical  angle  produced  caudad 
into  a  nearly  straight  slender  lobe,     ^deagus  broad. 

Habitat. — Formosa. 

Holotype,  male,  Musha,  altitude  about  3,500  feet,  October 
5,  1926  (S.  Issiki). 

LIMONIA  EBRIOLA  sp.   nov. 

General  coloration  dark  brown ;  antennae  dark  brown  through- 
out; halteres  and  legs  dark  brown;  wings  with  a  strong  brown 
suffusion,  the  stigma  and  seams  on  the  transverse  veins  darker 
brown ;  male  hypopygium  with  the  spines  of  the  rostral  prolon- 
gation of  the  ventral  dististyle  long,  slender,  widely  separated. 

Male. — Length,  about  6.2  millimeters;  wing,  8. 

Rostrum  and  palpi  dark  brown.  Antennae  dark  brown;  fla- 
gellar segments  oval,  becoming  more  elongate-oval  outwardly, 
with  long  conspicuous  verticils.     Head  dark  brown. 

Pronotum  dark  brown.  Mesonotum  brown,  the  praescutal 
stripes  somewhat  darker  brown,  the  surface  sparsely  yellowish 
pollinose,  brighter  sublaterally.  Pleura  dark  brown,  the  surface 
pruinose,  leaving  narrow  longitudinal  stripes  of  the  ground 
color  on  the  sternopleurite  and  across  the  ventral  anepisternum 
and  pteropleurite ;  dorsopleural  region  broadly  paler  brown. 
Halteres  dark  brown,  the  base  of  the  stem  yellow.  Legs  with 
the  fore  coxae  brown,  remaining  coxae  yellow ;  trochanter  yellow ; 
remainder  of  legs  dark  brown,  the  femoral  bases  a  little  brighter. 
Wings  with  a  strong  brown  suffusion,  the  oval  stigma  darker 
brown;  narrow  but  conspicuous  brown  seams  at  origin  of  Rs, 
along  the  cord  and  outer  end  of  cell  1st  M2;  veins  dark  brown. 
Venation  (Plate  1,  fig.  3)  :  Sc  relatively  short,  Scx  ending  about 
opposite  one-third  the  length  of  Rs,  Sc2  not  far  from  its  tip. 
Rs  weakly  angulated  near  extreme  origin;  tip  of  Et  distinct 
but  pale;  r  and  basal  section  of  R2  meeting  angularly;  cell  1st 
M2  relatively  short,  rectangular,  shorter  than  the  veins  issuing 
from  it;  m-cu  close  to  the  fork  of  M. 

Abdominal  tergites  brownish  black;  basal  sternites  yellowish 
brown,  the  caudal  margins  brighter;  subterminal  segments 
brighter;  hypopygium  dark.  Male  hypopygium  (Plate  2,  fig. 
16)  with  the  caudal  margin  of  the  ninth  tergite  produced  into 
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two  obtuse  lobes  that  are  conspicuously  setiferous.  Basistyle 
of  moderate  size,  its  mesal  lobe  large.  Dorsal  dististyle  a 
strongly  curved  sickle-shaped  hook.  Ventral  dististyle  large  and 
fleshly,  with  numerous  microscopic  setulae  and  more  sparse  long 
setae;  rostral  prolongation  stout,  the  two  slender  spines  widely 
separated ;  outer  spine  arising  from  a  short  enlarged  base,  gently 
curved;  inner  spine  a  little  shorter  and  more  nearly  straight; 
space  between  the  spines  with  sparse  erect  setulae.  Gonapo- 
physes  pale,  broadly  expanded,  the  mesal  apical  angle  produced 
into  a  long,  slender,  gently  curved  rod. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  6,000  feet,  June 
3,  1927   (S.  Issiki). 

DICRANOMYIA   CINGULIFERA   sp.   nov. 

General  coloration  dark  brown;  rostrum  relatively  elongate; 
antennae  dark  brown,  the  second  segment  pale  yellow;  pleura 
silvery  gray  with  two  longitudinal  dark  brown  stripes ;  halteres 
yellow,  the  knobs  dark  brown;  femora  obscure  yellow  with  a 
dark  brown  subterminal  ring;  wings  whitish  subhyaline,  heavily 
variegated  with  dark  brown,  especially  beyond  the  cord;  Sc 
elongate ;  abdomen  brownish  black,  the  segments  ringed  caudally 
with  silvery  gray. 

Female. — Length,  5.5  to  6  millimeters;  wing,  5  to  5.8. 

Rostrum  relatively  elongate,  approximately  as  long  as,  or 
a  little  longer  than,  the  remainder  of  the  head,  black;  palpi 
black.  Antennae  with  the  first  scapal  segment  dark  brown; 
second  segment  pale  yellow ;  flagellum  dark  brown,  the  segments 
short-oval,  the  outer  segments  smaller  and  more  nearly  globular ; 
terminal  segment  longer,  the  apex  pointed.  Head  brownish 
gray. 

Pronotum  brown,  with  a  yellowish  pollen.  Mesonotal  prae- 
scutum  yellowish  gray,  clearer  gray  laterally,  with  four  narrow 
dark  brown  stripes,  the  intermediate  stripes  narrower,  separated 
from  one  another  by  a  slightly  narrower  line  of  the  ground  color ; 
a  circular  brown  spot  near  the  lateral  margin  behind  the  pseu- 
dosutural  foveae;  scutum  yellowish  gray,  the  centers  of  the 
lobes  darker ;  scutellum  and  postnotum  brownish  gray,  the  latter 
darker  behind.  Pleura  silvery  gray,  variegated  with  two  lon- 
gitudinal dark  brown  stripes,  the  narrow  dorsal  stripe  crossing 
the  ventral  propleura  and  anepisternum,  the  broader  ventral 
stripe  including  the  ventral  protion  of  the  sternopleurite.     Hal- 
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teres  pale  yellow,  the  knobs  dark  brown.  Legs  with  the  coxae 
brown,  paler  apically,  the  fore  coxae  more  reddish  brown; 
trochanters  yellowish  testaceous;  femora  obscure  yellow  with 
a  relatively  broad  dark  brown  subterminal  ring,  the  extreme 
tip  narrowly  pale  yellow;  tibiae  and  basitarsi  brownish  yellow, 
the  tips  narrowly  inf uscated ;  remainder  of  tarsi  darker  brown. 
Wings  whitish  subhyaline,  the  base  and  costal  region  a  trifle 
more  yellowish;  a  conspicuous  dark  brown  pattern  that  is  much 
heavier  beyond  the  cord;  seams  on  h;  Sc2;  a  large  spot  beyond 
arculus ;  an  elongate  rectangular  area  at  origin  of  Rs,  extending 
from  costa  almost  to  M,  including  the  tip  of  S^ ;  stigma  short- 
oval  to  subrectangular,  connected  with  a  narrow  seam  along 
the  cord;  outer  ends  of  cells  2d  R1  and  R3  heavily  inf  uscated; 
a  narrow  seam  on  outer  end  of  cell  1st  M2;  marginal  brown 
spots  on  veins  M1+2,  M3,  and  M4;  smaller  similar  spots  on  Cux 
and  1st  A;  a  large  marginal  spot  on  vein  2d  A;  veins  pale, 
darker  in  the  inf  uscated  areas.  Venation:  Sct  ending  just 
beyond  the  origin  of  Rs,  Sc2  far  from  its  tip,  at  near  mid-dis- 
tance between  arculus  and  origin  of  Rs;  Rs  weakly  angulated 
at  origin;  tip  of  Rx  and  base  of  R2  in  approximate  transverse 
alignment;  cell  1st  M2  elongate-rectangular,  subequal  to  vein 
M1+2 beyond  it;  elements  closing  the  cell  very  faint;  m-cu  close 
to  the  fork  of  M,  a  little  shorter  than  the  distal  section  of  CuT. 

Abdomen  brownish  black,  the  segments  broadly  and  conspi- 
cuously ringed  caudally  with  silvery  gray;  base  of  genital  seg- 
ment blackened;  valves  of  ovipositor  relatively  small,  nearly 
straight,  reddish  horn  color. 

Habitat. — Formosa. 

Holotype,  female,  Mount  Rantaizan,  altitude  7,000  feet,  June 
2,  1927  (S.  Issiki) .  Paratopotypes,  two  females,  with  the  type ; 
one  female,  6,000  feet,  June  3,  1927. 

DICRANOMYIA  FRIVOLA  sp.  nov. 

Female. — Length,  about  6.5  millimeters;  wing,  7.6,  its 
greatest  width,  2.2. 

Belongs  to  the  pulchripennis  group,  most  closely  allied  to  D. 
shirakii  Alexander,  from  which  it  differs  especially  in  the  broader 
wings  with  the  white  ground  color  more  extensive. 

Antennal  flagellum  weakly  bicolorous,  the  ground  color  of 
the  basal  segments  obscure  yellow,  the  outer  segments  brownish 
black  with  the  bases  narrowly  pale.  Femoral  tips,  tibial  bases, 
and  tibial  tips  broadly  and  conspicuously  blackened.    Wings 
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broad,  as  shown  by  the  above  measurements;  whitish,  the  ex- 
treme base  a  little  more  yellowish;  costal  pattern  as  in  shirakii, 
with  five  extensive  costal  blotches,  the  first  three  of  which  are 
entire  and  more  or  less  T-shaped,  the  caudal  extension  of  each 
blotch  in  cell  R  being  much  narrower  than  the  dilated  costal 
portion;  the  white  ground  color  separating  these  dark  costal 
areas  wider  than  in  shirakii;  cell  R3  and  the  cephalic  portion  of 
R5  with  clearly  defined,  relatively  small,  dark  brown  spots  that 
do  not  tend  to  become  confluent;  cells  2d  M2,  M3,  and  M4  with 
the  ground  color  more  extensive,  the  dark  pattern  more  con- 
trasted. 

The  cells  of  the  wing  are  wider  than  in  shirakii  due  to  the 
greater  breadth  of  the  wing;  cell  1st  M2  relatively  short,  its 
lower  face  shorter  than  vein  M4  beyond  it;  m-cu  more  than 
one-half  its  length  before  the  fork  of  M. 

Habitat. — Formosa. 

Holotype,  female,  Mount  Rantaizan,  altitude  7,000  feet,  June 
3,  1927   (S.  Issiki). 

DICRANOMYIA  NESOMORIO  sp.  nov. 

Belongs  to  the  morio  group ;  male  hypopygium  with  the  caudal 
margin  of  the  ninth  tergite  bearing  two  widely  separated  slender 
lobes;  mesal  lobe  of  basistyle  long  and  slender;  dorsal  dististyle 
bifid  at  apex. 

Male. — Length,  about  5  to  5.5  millimeters;  wing,  6  to  6.8. 

Rostrum  and  palpi  black.  Antennae  black  throughout;  fla- 
gellar segments  oval,  the  outer  segments  becoming  more 
elongate-oval.  Head  black,  the  anterior  vertex  silvery,  the 
posterior  vertex  narrowly  grayish. 

Pronotum  black,  sparsely  pruinose.  Mesonotum  shiny  black, 
especially  the  praescutum;  median  region  of  scutum,  scutellum, 
and  postnotum  more  pruinose.  Pleura  black,  heavily  silvery 
pruinose.  Halteres  elongate,  dark  brown,  the  base  of  the  stem 
narrowly  pale.  Legs  with  the  fore  and  middle  coxae  brownish 
black,  pruinose,  paler  apically,  the  posterior  coxae  uniformly 
pale;  trochanters  reddish  yellow;  remainder  of  the  legs  black, 
the  femoral  bases  restrictedly  obscure  yellow.  Wings  with  a 
strong  brownish  tinge,  the  oval  stigma  darker  brown;  very 
vague  and  narrow  dusky  seams  on  the  cord ;  veins  darker  brown. 
Venation:  SCj.  ending  just  beyond  the  origin  of  the  long  Rs; 
distal  section  of  Rx  weakly  preserved,  lying  a  little  basad  of 
the  equally  pale  basal  section  of  R2,  r  thus  being  preserved  and 
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provided  with  two  or  three  macrotrichise ;  cell  1st  M2  closed,  a 
little  shorter  than  vein  M1+2  beyond  it;  m-cu  subequal  to  the 
distal  section  of  Cu2,  lying  shortly  before  the  fork  of  M. 

Abdomen  black,  the  caudal  margins  of  the  tergites  broadly 
brown;  sternites  black,  the  caudal  margins  of  segments  2  to  5 
broadly  yellowish  brown ;  hypopygium  dark.  Male  hypopygium 
(Plate  2,  fig.  17)  with  the  ninth  tergite  having  the  caudal 
margin  terminating  in  two  long  slender  lobes,  widely  separated 
by  a  broad  U-shaped  notch,  the  tips  of  the  lobes  with  conspic- 
uous setae.  Basistyle  relatively  small,  dark,  bearing  a  small 
subterminal  tubercle  on  dorsal  mesal  margin;  mesal  lobe  very 
long  and  slender,  narrowed  gradually  to  the  subacute  apex,  paler 
than  the  remainder  of  the  style.  Ventral  dististyle  larger  than 
the  basistyle,  fleshly,  the  rostral  prolongation  bearing  a  single 
stout  pale  spine  near  base.  Dorsal  dististyle  gently  curved,  the 
tip  bifid,  the  outer  spine  obtuse,  the  inner  spine  acute.  Gona- 
pophyses  small. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  6,000  feet,  June 
2,  1927  (S.  Issiki).  Paratopotype,  male;  paratype,  male,  Ren- 
gechi,  altitude  1,500  to  2,000  feet,  end  of  March,  1927  (S. 
Issiki) . 

Genus  PROTOHELIUS  novum 

Rostrum  short,  not  produced;  palpi  four-segmented,  conspic- 
uous, the  terminal  segment  nearly  twice  the  penultimate, 
slender.  Antennae  sixteen-segmented ;  flagellar  segments  long- 
cylindrical,  gradually  decreasing  in  length  and  diameter  out- 
wardly; terminal  segment  about  one-half  the  penultimate;  ver- 
ticils relatively  inconspicuous,  not  longer  than  the  segments. 
Anterior  vertex  relatively  narrow,  about  one-third  wider  than 
the  diameter  of  the  first  scapal  segment,  subequal  in  both  sexes ; 
eyes  relatively  large  and  protuberant,  with  delicate  ommatidia. 
Pronotum  relatively  massive.  Legs  comparatively  stout;  no 
tibial  spurs;  claws  simple;  empodia  distinct.  Wings  (Plate  1, 
figs,  5,  5a)  broad;  Sc  long,  Scx  ending  beyond  midlength  of 
R8+Jj>  Sc2  about  opposite  the  fork  of  Rs;  tip  of  Rx  preserved;  r 
short;  basal  section  of  R2  preserved,  perpendicular  or  even 
slightly  recurrent  at  origin,  the  distal  section  preserved,  without 
macrotrichise ;  tips  of  Sc^  Rlf  and  R2  all  relatively  close  together 
at  wing  margin;  R2+3  a  little  longer  than  the  basal  section  of 
R4     ;  cell  1st  M2  closed,  irregularly  pentagonal;  m-cu  at  the 


35'4  Alexander:  Tipulidse  from  Eastern  Asia,  II  467 

fork  of  M,  subequal  to  the  distal  section  of  Cux ;  cell  2d  A  wide ; 
h  very  faint,  oblique.  Male  hypopygium  (Plate  2,  fig.  18)  with 
the  basistyle  short  and  stout.  Outer  dististyle  broad-based, 
narrowed  into  an  elongate  blackened  tip,  on  the  mesal  face 
near  midlength  with  a  short  blunt  blackened  lobe.  Inner  dis- 
tistyle of  almost  the  same  length  and  form  as  the  outer,  ter- 
minating in  a  long  pale  outer  lobe  and  bearing  a  shorter  lateral 
fleshy  lobe  on  mesal  face  near  base.  Phallosome  modified  into 
a  cylindrical  structure.  Ovipositor  with  the  valves  long  and 
straight,  the  tips  of  the  tergal  valves  gently  upcurved. 
Genotype,  Protohelius  issikii  sp.  nov.  (Oriental  Region.) 
Protohelius  is  of  extreme  importance  in  that  it  indicates  the 
manner  in  which  the  radial  field  in  the  more-aberrant  subtribes 
of  the  Limoniini  (such  as  the  Heliaria,  Dicranoptycharia,  Ton- 
noiromyaria,  and  Aphilimnobaria)  may  have  been  derived. 
From  a  study  of  this  genus,  it  appears  that  it  is  usually  the 
free  tip  of  Rx  that  atrophies,  leaving  the  distal  end  of  R2  per- 
sistent. 

PROTOHELIUS  ISSIKII  sp.  nov. 

General  coloration  yellow,  the  thoracic  dorsum  extensively 
shiny  black;  wings  broad,  grayish  brown,  the  stigma  darker; 
abdomen  dark  brown,  the  basal  sternites  yellow. 

Male. — Length,  about  8.5  millimeters;  wing,  about  10. 

Female. — Length,  about  10  to  10.5  millimeters;  wing,  10.5 
X  3.2. 

Described  from  alcoholic  specimens. 

Rostrum  pale,  the  palpi  dark  brown,  the  terminal  segment 
paler  apically.  Antennae  with  the  scapal  segments  brownish 
yellow,  the  flagellum  dark  brown.  Head  dark  brown,  paler 
beneath. 

Pronotum  yellow.  Mesonotum  almost  covered  by  a  shiny 
black  dorsal  shield,  the  lateral  margins  of  the  prsescutum  broadly 
yellow;  central  portion  of  the  transverse  suture  pale;  lateral 
margins  of  the  scutal  lobes  and  the  parascutella  pale  yellow. 
Pleura  pale  yellow,  including  the  pleurotergite,  the  ventral 
sternopleurite  darkened.  Halteres  pale,  the  knobs  weakly 
darkened.  Legs  relatively  stout ;  coxae  and  trochanters  yellow  ; 
femora  yellow  basally,  passing  into  dark  brown;  remainder  of 
legs  yellowish  brown,  the  terminal  tarsal  segments  darker 
brown;  tarsal  segments  3  and  4  each  with  a  stout  spinous 
bristle  near  apex.     Wings  broad,  with  a  grayish  brown  suffusion, 
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the  prearcular  region  more  yellowish;  cells  Sc  and  Cux  darker; 
stigma  brown;  veins  darker  than  the  ground  color.  Venation 
(Plate  1,  figs.  5,  5a)  as  discussed  under  the  genus. 

Abdomen  dark  brown,  the  basal  sternites  yellow,  the  inter- 
mediate sternites  with  the  lateral  margins  paile;  hypopygium 
pale.  Female  with  the  genital  segment  horn  yellow,  the  valves 
darker. 

Habitat, — Formosa. 

Holotype,  male,  Rengechi,  altitude  1,500  to  2,000  feet,  end 
of  March,  1927  (S.  Issiki).  Allotopotype,  female.  Paratopo- 
types,  one  male,  one  female. 

This  peculiarly  interesting  type  of  crane  fly  is  named  in  honor 
of  my  friend  Prof.  Syuti  Issiki,  to  whom  I  am  greatly  indebted 
for  cooperation  in  studying  the  crane  flies  of  Japan  and  For- 
mosa. 

HELIUS   RUFITHORAX    sp.   nov. 

Rostrum  elongate;  head  dark  gray;  mesonotum  and  pleura 
shiny  ferruginous,  without  markings;  wings  grayish  subhya- 
line,  the  base  and  costal  region  more  yellowish;  abdominal 
tergites  with  the  distal  segments  uniformly  blackened,  this  in- 
cluding the  hypopygium. 

Male. — Length  (excluding  rostrum),  about  7.5  millimeters; 
wing,  8.6;  rostrum,  2.8. 

Female. — Length  (excluding  rostrum),  about  8  millimeters; 
wing,  9  to  9.5;  rostrum,  2.8. 

Rostrum  elongate,  approximately  equal  to  the  combined  head 
and  thorax,  black  throughout;  palpi  black.  Antennae  brownish 
black,  the  second  scapal  segment  a  little  paler.  Head  dark  gray, 
the  anterior  vertex  narrow. 

Mesonotum  shiny  ferruginous,  without  markings.  Pleura 
shiny  yellowish  ferruginous.  Halteres  pale,  the  knobs  infus- 
cated.  Legs  with  the  coxae  concolorous  with  the  pleura ;  trochan- 
ters a  little  more  yellowish  testaceous ;  femora  obscure  yellow,  the 
tips  narrowly  blackened;  tibiae  obscure  brownish  yellow,  the 
tips  very  narrowly  darkened;  tarsi  brown,  the  terminal  two 
segments  darker.  Wings  grayish  yellow  subhyaline,  the  base 
and  cells  C  and  Sc  clearer  yellow;  stigma  oval,  dark  brown; 
wing  tip  in  cells  2d  Rx  and  R3  narrowly  darkened;  a  narrow 
vague  seam  on  the  anterior  cord;  a  conspicuous  dusky  seam 
along  vein  Cu;  veins  brown,  brighter  in  the  basal  and  costal 
regions.     Venation:   Sct   ending  opposite  the  fork  of  Rs,  Sc, 
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at  its  tip;  r-m  distinct;  cell  1st  M2  relatively  broad,  subrec- 
tangular;  m-cu  shortly  beyond  the  fork  of  M. 

Abdomen  with  the  basal  tergites  brownish  yellow,  the  caudal 
margins  of  the  segments  darkened ;  outer  four  or  five  segments, 
including  the  hypopygium,  uniformly  blackened.  Female  with 
the  tergites  uniformly  dark  brown,  the  basal  sternites  obscure 
brownish  yellow. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  7,000  feet,  June 
4,  1927  (S.  Issiki).  Allotopotype,  female,  6,000  feet,  June  3, 
1927.     Paratopotype,  female,  with  the  type. 

Helius  rufithorax  is  allied  to  the  smaller  H.  tenuirostris 
Alexander,  differing  in  the  longer  rostrum,  the  uniform  thorax, 
the  unvariegated  abdominal  segments,  black  hypopygium,  and 
other  characters. 

EURHAMPHIDIA  INELE6ANS  sp.  nov. 

General  coloration  pale  brown,  the  mesonotum  darker;  head 
dark;  legs  with  the  femoral  tips  yellow;  tibial  bases  very 
narrowly  pale;  tips  of  the  tibise  and  most  of  the  tarsi  white; 
wings  subhyaline,  the  stigma  pale  brown;  Sc  relatively  long, 
veins  R3  and  R4+5  strongly  divergent. 

Female. — Length,  about  6  millimeters;  wing,  5.3. 

Described  from  an  alcoholic  specimen. 

Rostrum  obscure  yellow,  the  apex  darker;  palpi  dark  brown. 
Antennae  with  the  first  scapal  segment  yellow,  the  second  dark 
brown ;  flagellum  pale  brown,  the  outer  segments  broken.  Head 
dark  brown. 

Pronotum  pale  brown,  yellowish  laterally.  Mesonotum  pale 
brown,  the  prsescutum  with  a  broad  median  and  narrower 
lateral  stripes  of  a  darker  color;  remainder  of  mesonotum 
chiefly  dark  brown.  Pleura  obscure  yellow,  sparsely  variegated 
with  brown  on  the  sternopleurite  and  pleurotergite.  Halteres 
pale  brown,  the  base  of  the  stem  brighter.  Legs  with  the  coxse 
obscure  yellow,  the  outer  faces  more  or  less  infuscated;  tro- 
chanters obscure  brownish  yellow;  femora  pale  brown,  the  tips 
paling  into  yellow;  tibise  darker  brown,  the  extreme  bases 
vaguely  paler,  the  tips  whitened;  tarsi  pure  white,  excepting 
the  terminal  two  segments  which  are  infuscated.  Wings  (Plate 
1,  fig.  4)  subhyaline;  cells  C  and  Sc  a  trifle  more  yellowish; 
stigma  oval,  relatively  small,  pale  brown;  veins  brown.  Wings 
relatively  short  and  broad,   more  so  than  in  E.   abnormalis 
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(Brunetti),  the  cells  correspondingly  widened,  the  prearcular 
cells  shortened.  Vein  M4  without  macrotrichiae.  Venation:  Sc 
relatively  long,  Scx  ending  about  opposite  one-fourth  the  second 
section  of  Rs,  Sc2  longer,  ending  about  opposite  one-third  the 
same ;  second  section  of  Rs  approximately  three-fourths  the  first ; 
veins  R3  and  R4+5  strongly  divergent  and  relatively  short,  cell 
R3  at  margin  wide;  m-cu  at  near  two-thirds  the  length  of  cell 
1st  M2. 

Abdominal  tergites  pale  brown,  the  sternites  obscure  yellow. 
Ovipositor  with  the  valves  strongly  infuscated;  tergal  valves 
straight,  the  tips  a  little  upcurved. 

Habitat. — Formosa. 

Holotype,  female,  Musha,  altitude  about  3,500  feet,  October 
5,  1926  (S.Issiki). 

Eurhamphidia  inelegans  has  the  pattern  of  the  femora  and 
bases  of  the  tibiae  much  more  obscured  and  ill-defined  than 
either  E.  niveitarsis  (Skuse)  or  E.  abnormalis  (Brunetti). 

DICRANOPTYCHA  FORMOSENSIS  sp.  nor. 

General  coloration  brownish  gray,  the  thoracic  pleura  pale 
with  the  anepisternum  darker;  legs  yellow,  the  tips  of  the  seg- 
ments very  narrowly  and  inconspicuously  blackened;  wings 
grayish  yellow,  the  costal  region  clearer  yellow;  costal  fringe 
short;  male  hypopygium  with  the  outer  dististyle  densely  set 
with  short  setae,  terminating  in  an  acute  black  spine;  gonapo- 
physes  elongate,  terminating  in  a  unilateral  brush  of  long  setae. 

Male. — Length,  about  8  millimeters ;  wing,  9.2. 

Female. — Length,  about  9.5  to  10  millimeters;  wing,  10.2  to 
10.5. 

Rostrum  reddish  brown,  the  palpi  dark  brown.  Antennae 
reddish  brown,  the  outer  segments  darker,  feebly  bicolorous,  the 
joints  being  paler  than  the  central  portion  of  each  segment. 
Head  brownish  gray. 

Mesonotal  praescutum  brownish  gray,  the  median  area  of  the 
praescutum  somewhat  brighter  brown;  pseudosutural  foveae 
black;  scutum  brownish  gray;  scutellum  a  little  more  reddish 
brown,  pruinose;  postnotum  more  heavily  pruinose.  Pleura 
pale,  the  anepisternum  darker,  the  surface  sparsely  pruinose, 
in  the  paratype  more  heavily  so.  Halteres  pale  yellow,  the 
knobs  scarcely  darker.  Legs  with  the  coxae  pale,  very  sparsely 
pruinose;  trochanters  yellow;  remainder  of  legs  yellow,  the  ex- 
treme tips  of  the  femora  on  the  outer  face,  the  similarly  narrow 
tips  of  the  tibiae  and  basitarsi,  and  the  terminal  tarsal  segments 
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brownish  black.  Wings  with  a  grayish  yellow  suffusion,  the 
prearcular  and  costal  regions  clearer  yellow;  veins  brownish 
yellow;  costal  fringe  (male)  short.  Venation:  Rs  from  one- 
third  to  one-half  longer  than  cell  1st  M2 ;  m-cu  at  near  midlength 
of  cell  1st  M2. 

Abdomen  with  the  basal  tergite  dark  brown;  remaining  seg- 
ments obscure  yellow,  dark  brown  laterally ;  a  subterminal  dark 
brown  ring;  hypopygium  yellow;  sternites  similar,  the  basal 
segments  obscure  yellow.  Male  hypopygium  (Plate  2,  fig.  19) 
with  the  outer  dististyle  a  compressed  elongate  blade,  densely 
set  with  relatively  short  setae,  the  apex  of  the  style  narrowed 
into  a  long  curved  black  spine.  Inner  dististyle  longer,  appear- 
ing as  a  flattened,  parallel-sided  elongate  rod,  the  tip  obtuse, 
the  inner  face  set  with  erect  spinous  setae.  Gonapophyses  very 
conspicuous,  appearing  as  long  taillike  rods  that  are  provided 
just  before  their  tips  with  very  long  spinous  setae,  arranged  to 
form  a  subapical  unilateral  brush. 

Habitat. — Formosa. 

Holotype,  male,  Ranrun,  altitude  1,000  feet,  June  2,  1927  (S. 
Issiki).    Allotopotype,  female.     Paratopotype,  female. 

DICRANOPTYCHA  GENICULATA  sp.  nov. 

General  coloration  brownish  black;  ventral  pleurites  paler; 
legs  yellow,  the  tips  of  the  femora  broadly  brownish  black; 
bases  and  tips  of  the  tibiae  similarly  blackened ;  wings  brownish, 
the  bases  and  costal  region  more  yellowish;  costal  fringe  short; 
abdomen  brownish  black,  the  hypopygium  obscure  yellow ;  male 
hypopygium  with  outer  dististyle  having  the  outer  surface 
spinous;  gonapophyses  elongate,  the  surface  smooth. 

Male. — Length,  about  10  millimeters;  wing,  9  to  9.5. 

Female.— Length,  about  12  millimeters;  wing,  10. 

Described  from  alcoholic  specimens. 

Rostrum  brownish  testaceous,  the  palpi  dark  brown.  An- 
tennae dark  brown  throughout,  relatively  long  in  both  sexes; 
first  flagellar  segment  approximately  twice  the  length  of  the 
second ;  succeeding  segments  gradually  becoming  more  elongate 
to  the  penultimate,  the  terminal  segment  about  two-thirds  the 
penultimate;  verticils  conspicuous,  exceeding  the  segments  in 
length.     Head  dark  brown,  with  long  yellow  setae,  the  occiput 

paler. 

Mesonotum  dark  brown,  the  humeral  region  of  the  praescutum 
brighter;  in  cases  the  cephalic  portion  of  the  praescutum  is 
paler,  the  posterior   portion   being  largely  covered  by  three 
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brownish  black  stripes.  Pleura  dark,  the  ventral  pleurites  paler, 
obscure  yellow.  Halteres  pale,  the  base  of  the  knobs  darker. 
Legs  with  the  coxae  and  trochanters  yellow;  femora  yellow,  the 
tips  broadly  brownish  black,  the  amount  subequal  on  all  the  legs 
(about  1.25  millimeters) ;  tibiae  yellow  with  the  base  narrowly, 
the  apex  more  broadly  brownish  black ;  tarsal  segments  1  and  2 
obscure  yellow,  the  tips  brownish  black;  terminal  tarsal  seg- 
ments uniformly  darkened;  legs  with  long,  conspicuous,  semi- 
erect  setae.  Wings  with  a  strong  brown  suffusion,  the  base 
and  costal  region  more  yellowish,  cell  Sc  clearer  yellow  than 
cell  C,  the  outer  costa  and  stigmal  region  more  infumed;  veins 
pale  brown,  more  yellowish  in  the  costal  region  and  along  vein 
Cu;  costal  fringe  (male)  short.  Venation:  Rs  relatively  short, 
subequal  to  cell  1st  M2 ;  m-cu  at  or  not  far  beyond  the  fork  of 
M,  the  first  section  of  Mg+4  subequal  to  or  shorter  than  r-m. 

Abdomen  brownish  black,  the  hypopygium  obscure  yellow. 
Male  hypopygium  (Plate  2,  fig.  20)  with  the  outer  dististyle  a 
curved  rod,  the  apex  produced  into  a  stout  blackened  point, 
the  outer  surface  with  conspicuous  erect  spinous  tubercles  that 
form  a  low  crest,  the  spines  becoming  smaller  basally.  Inner 
dististyle  short  and  stout,  fleshy,  a  little  shorter  than  the  outer 
dististyle,  provided  with  long  conspicuous  setae.  Gonapophyses 
long  and  slender,  sinuous,  the  apex  unarmed.  Ovipositor  with 
the  valves  very  short;  tergal  valves  with  the  distal  half  blackened. 

Habitat. — Formosa. 

Holotype,  male,  without  exact  locality  data,  October,  1926 
(S.  Issiki).    Allotopotype,  female.     Paratopotype,  male. 

PROANTOCHA    UYEl   sp.   nov. 

General  coloration  obscure  yellow,  variegated  with  dark 
brown;  all  legs  provided  with  short  spinous  setae;  posterior 
femora  conspicuously  flattened,  the  apical  tooth  low  and  obtuse ; 
posterior  tibiae  elongate,  conspicuously  clavate  at  tip,  the  basal 
tooth  slender;  wings  whitish  subhyaline,  the  costal  region  more 
yellowish. 

Male. — Length,  about  7  millimeters;  wing,  10.5.  Fore  leg, 
femur,  6.7 ;  tibia,  9 ;  tarsus,  about  4.6.  Middle  leg,  femur,  6.8 ; 
tibia,  6.7;  tarsus,  about  2.9.  Hind  leg,  femur,  7.2;  tibia,  11.7; 
tarsus,  about  2.7. 

Other  specimens  show  a  range  in  length  from  about  6  to  7.5 
millimeters,  the  wing,  9  to  11,  with  the  measurements  of  the 
segments  of  the  legs  in  proportion. 
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Rostrum  obscure  brownish  yellow,  the  palpi  dark  brown. 
Antennae  with  the  basal  segment  brown,  obscure  yellow  basally, 
the  remainder  of  the  organ  dark  brown ;  flagellar  segments  oval 
with  short  verticils  and  a  short  erect  pubescence;  terminal  seg- 
ment elongate.  Head  brownish  gray,  more  yellowish  on  the 
orbits. 

Pronotum  dark  brown,  paler  laterally.  Mesonotal  praescutum 
obscure  yellow  with  three  brown  stripes,  the  median  stripe  be- 
coming obsolete  before  the  suture;  lateral  stripes  paler  than 
the  median,  crossing  the  suture  onto  the  scutal  lobes;  scutum 
broadly  pale  medially;  scutellum  broad,  pale,  with  a  dusky  spot 
on  either  side  at  base;  postnotal  mediotergite  dark,  pruinose 
medially  and  behind,  with  a  small  yellow  spot  on  either  side  at 
base.  Pleura  brownish  yellow,  conspicuously  variegated  with 
dark  brown  on  the  propleura,  ventral  anepisternum,  the  ventral 
sternopleurite,  the  dorsal  pteropleurite,  and  the  meron;  pleuro- 
tergite  largely  pale,  the  ventral  portion  darkened.  In  other 
specimens  the  pleura  is  more  uniformly  darkened.  Halter es 
pale,  the  knobs  more  or  less  infuscated.  Legs  with  the  coxae 
pale,  narrowly  darker  basally,  the  posterior  coxae  large;  tro- 
chanters obscure  yellow;  remainder  of  legs  dark  brownish  yel- 
low, the  tarsi  beyond  the  base  dark  brown;  proportions  of  the 
segments  of  the  legs  shown  by  the  above  measurements;  fore 
and  middle  legs  unmodified,  provided  with  a  dense  vestiture  of 
very  short  spinous  setae;  fore  tarsi  longest;  posterior  femora 
conspicuously  flattened,  the  apical  tooth  low  and  obtuse;  tibiae 
with  a  slender  basal  tooth,  as  in  the  males  of  this  genus;  pos- 
terior tibiae  conspicuously  clavate  at  tip;  posterior  tarsi  very 
short;  claws  toothed.  Wings  whitish  subhyaline,  the  costal  re- 
gion more  yellowish;  stigma  faintly  indicated,  elongate,  pale 
brown;  vein  Cu  indistinctly  seamed  with  dusky;  prearcular 
veins  pale;  costal  veins  yellowish,  remaining  veins  dark  brown. 
Venation :  Veins  strong ;  basal  section  of  R2  nearly  in  alignment 
with  r-m ;  m-cu  shortly  before  the  fork  of  M. 

Abdomen  dark  brown,  the  intermediate  segments  narrowly 
margined  caudally  and  laterally  with  yellow;  basal  sternites 
obscure  yellow;  hypopygium  brownish  yellow.  Male  hypopy- 
gium  generally  similar  in  structure  to  the  other  members  of 
the  genus. 

Habitat. — Japan. 

Holotype,  male,  Yamaga,  Oita-ken,  Kiushiu,  on  the  banks  of 
the  YasakaWaga,  altitude  225  feet,  April  22,  1927  (Tenji  Uye). 
Paratopotypes,  four  males,  April  21-22,  1927. 
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This  interesting  crane  fly  is  named  in  honor  of  the  collector, 
Mr.  Tenji  Uye,  to  whom  I  am  indebted  for  many  crane  flies 
from  Kiushiu.  Proantocha  uyei  is  very  peculiar  in  the  extreme 
modifications  of  the  legs.  The  short,  spinous  vestiture  of  the 
fore  and  middle,  as  well  as  the  posterior  legs,  together  with  the 
flattened  posterior  femora  and  clavate  tibiae  readily  distinguish 
the  species  from  the  two  members  of  Proantocha  hitherto  made 
known  (P.  spinifer  Alexander  and  P.  serricauda  Alexander,  of 
Japan). 

TRICYPHONA    KIRISHIMENSIS    sp.   nov. 

General  coloration  pale  brownish  yellow;  antennae  yellow; 
head  and  apex  of  abdomen  dark  brown;  legs  yellow,  the  tips 
of  the  femora  and  tibiae  narrowly  darkened;  wings  pale  yellow- 
ish brown,  the  costal  cell  darker;  r-m  connecting  with  R4+5; 
cell  M2  open. 

Male. — Length,  about  11.5  millimeters;  wing,  13.6. 

Described  from  an  alcoholic  specimen. 

Rostrum  and  palpi  brownish  black.  Antennae  sixteen-seg- 
mented,  pale  yellow,  the  extreme  base  of  the  first  segment 
darkened,  the  terminal  three  or  four  segments  dusky.  Head 
dark  brown. 

Thorax  pale  brownish  yellow,  without  distinct  markings, 
the  postnotum  somewhat  darker.  Halteres  relatively  elongate, 
pale.  Legs  with  the  coxae  obscure  yellow ;  trochanters  brownish 
yellow;  femora  yellow,  the  tips  narrowly  dark  brown;  tibiae 
brownish  yellow,  the  tips  narrowly  dark  brown;  tarsi  dark 
brown,  the  outer  segments  blackened.  Wings  with  a  pale  yel- 
lowish brown  suffusion,  cell  C  more  strongly  infumed;  stigma 
pale  yellow,  vaguely  encircled  by  dusky;  very  restricted 
pale  brown  seams  at  origin  of  Rs  and  along  the  cord ;  veins  dark 
brown.  Venation  (Plate  1,  fig.  6)  :  Sc2  far  before  the  origin 
of  Rs,  the  latter  angulated  and  spurred  at  origin ;  r-m  connecting 
with  R4+5  at  near  one-fourth  the  length;  R2+3  elongate; 
R1+2  a  little  shorter  than  R2;  petiole  of  cell  R4  nearly  equal 
to  r-m;  cell  M2  open  by  the  atrophy  of  m;  m-cu  subequal 
to  the  distal  section  of  M3+4. 

Abdominal  tergites  obscure  brownish  yellow,  with  a  con- 
tinuous narrow  dark  brown  median  stripe;  outer  segments  and 
hypopygium  passing  into  dark  brown ;  sternites  brownish  yellow, 
the  base  of  the  individual  segments  narrowly  clearer  yellow. 
Male  hypopygium  with  the  dististyle  very  large,  bilobed,  each 
lobe  slender,  with  no  armature  other  than  abundant  setae  of 
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various  lengths.  Interbases  appearing  as  long,  slender,  chitin- 
ized  spines.  iEdeagus  and  gonapophyses  appearing  as  broad 
blades,  their  tips  obtuse. 

Habitat. — Japan. 

Holotype,  male,  Mount  Kirishima,  Kiushiu,  June  9,  1926  (S. 
Issiki) . 

The  only  similar  Japanese  species  is  Tricyphona  confluens 
Alexander,3  which  differs  in  having  the  antennae  and  legs  dark 
brown;  r-m  connecting  with  Rs  before  its  fork,  and  in  other 
characters. 

TRICYPHONA    FORMOSANA    Alexander. 

Tricyphona    formosana    Alexander,    Ann.    Ent.    Soc.    America    13 
(1920)    260-261. 

The  type,  a  male,  was  from  Arisan,  Formosa,  collected  April 
24,  1927,  by  Doctor  Shiraki.  The  following  additional  records 
of  occurrence  of  this  small  and  inconspicuous  but  highly  interest- 
ing crane  fly  are  given:  West  side  of  Mount  Daibu,  Formosa, 
altitude  3,000  to  5,000  feet,  mid-March,  1927  (S.  Issiki) .  Mount 
Rantaizan,  altitude  7,000  feet,  June  2,  1927  (S.  Issiki).  The 
wing  venation  is  shown  on  Plate  1,  fig.  7. 

PSEUDOLIMNOPHILA  DESCRIPTA   sp.  nov. 

General  coloration  dark  brown;  antennae  black;  halteres 
dusky ;  wings  with  a  strong  brown  suffusion,  the  stigma  darker ; 
Sc  short;  R2  arising  from  R2+3+4;  cell  Mx  lacking;  cell  1st  M2 
relatively  short. 

Female. — Length,  about  6.5  millimeters;  wing,  6.4. 

Rostrum  very  short,  dark  brown;  palpi  black.  Antennae 
black  throughout;  flagellar  segments  with  long  conspicuous 
verticils  that  are  more  than  twice  as  long  as  the  segments  bear- 
ing them.  Head  dark  brown,  the  anterior  vertex  and  narrow 
posterior  orbits  light  gray. 

Pronotum  gray.  Mesonotal  praescutum  brown,  more  grayish 
laterally,  the  humeral  region  a  little  brighter,  the  dorsum  with 
three  scarcely  evident  darker  brown  stripes;  pseudosutural 
foveae  relatively  pale,  a  little  darker  than  the  ground  color; 
scutum  dark  brown;  scutellum  and  postnotum  more  pruinose. 
Pleura  dark,  the  surface  sparsely  pruinose.  Halteres  dusky,  the 
stem  restrictedly  paler  at  base.  Legs  with  the  coxae  brownish 
testaceous,  paler  apically;  femora  brown,  a  little  darker  out- 

8Insec.  Inscit.  Menst.   10    (1922)    186-187. 
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wardly,  the  bases  more  yellowish  brown;  tibiae  brown,  the  tips 
weakly  darker ;  terminal  tarsal  segments  darker  brown.  Wings 
with  a  strong  brown  suffusion,  the  elongate-oval  stigma  darker 
brown;  veins  darker  brown.  Venation  (Plate  1,  fig.  8)  :  Sct 
ending  before  the  fork  of  Rs,  Sc2  at  its  tip;  Us  relatively  long, 
gently  arcuated  at  origin;  R2+3+4  elongate;  R2  longer  than 
R3  +  4;  R1  +  2  more  than  twice  R2  alone;  cell  M±  lacking;  cell 
1st  M2  relatively  short,  less  than  one-half  cell  2d  M2  beyond  it; 
m-cu  just  beyond  the  fork  of  M,  shorter  than  the  distal  section 
of  Cux;  anterior  arculus  preserved. 

Abdomen  dark  brown;  sternites  obscure  yellowish  brown. 
Ovipositor  with  the  long  valves  darkened,  the  tips  somewhat 
brighter  colored. 

Habitat. — Formosa. 

Holotype,  female,  Mount  Rantaizan,  altitude  4,000  feet,  June 
2,  1927  (S.Issiki). 

Genus  LIMNOPHILA  Macquart 

Subgenus  TRICHOLIMNOPHILA   novum 

Characters  as  in  the  genus,  differing  as  follows:  Antennae 
ranging  from  short  to  moderately  elongate  (platystyla) ,  in  the 
latter  case,  the  ventral  face  of  the  flagellar  segments  a  little 
protuberant;  longest  verticils  exceeding  the  segments  in  length. 
Pseudosutural  foveae  and  tuberculate  pits  both  present.  Legs 
with  conspicuous  trichiae;  tibial  spurs  distinct.  Wings  with 
Sc  relatively  short,  Scx  ending  shortly  before  the  fork  of  Rs, 
Sc2  not  far  from  its  tip;  R2  from  one-third  to  one-half  R1  +  2 
and  from  one-half  to  two-thirds  R2+3+4;  inner  ends  of  cells 
R4,  R5,  and  1st  M2  in  subtransverse  to  oblique  alignment,  in 
the  latter  case  with  cell  1st  M2  lying  more  basad ;  cell  M1  present ; 
m-cu  shortly  before  midlength  of  cell  1st  M2;  anterior  arculus 
preserved.  Distal  cells  of  wing  (R2  to  M3)  with  macrotrichise ; 
in  some  species,  these  even  more  abundant,  including  the  distal 
end  of  cell  M4  or  even  Cut  and  1st  A.  Male  hypopygium  with 
the  outer  dististyle  more  or  less  compressed,  notably  so  in  platy- 
styla, the  apex  bidentate;  inner  dististyle  deeply  bilobed.  Ovi- 
positor with  the  valves  elongate,  nearly  straight. 

Type  of  the  subgenus,  Limnophila  pilifer  Alexander.  (East- 
ern Palsearctic  Region.) 

Other  included  species  are  L.  breviramus  Alexander,  L.  flavella 
Alexander  and  its  variety  saitamse  Alexander,  L.  platystyla  sp. 
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nov.  and  L.  macrotrichiata  Alexander  of  Japan  and  Formosa, 
and  L.  punctum  (Meigen)  of  Europe. 

I  had  formerly  considered  the  members  of  this  group  as  being 
referable  to  the  subgenus  Lasiomastix  Osten  Sacken,  but  the 
male  hypopygium  of  the  latter  is  distinct,  the  basistyles  being 
elongate  and  the  inner  dististyle  simple. 

LIMNOPHILA     (TRICHOLIMNOPHILA)    PLATYSTYLA    sp.    nov. 

General  coloration  brown,  usually  dark  brown;  antennae 
(male)  relatively  elongate,  the  flagellar  segments  with  their 
lower  faces  bulging;  wings  grayish,  with  abundant  macrotrichiae 
in  the  outer  cells;  male  hypopygium  with  the  outer  dististyle 
very  broad,  greatly  compressed. 

Male. — Length,  about  5.5  millimeters ;  wing,  6  to  6.2 ;  antenna, 
about  2.3. 

Female. — Length,  about  6  millimeters;  wing,  6  to  6.1. 

Rostrum  dark  brown;  palpi  black.  Antennae  with  the  basal 
segment  of  the  scape  reddish  brown;  flagellum  dark  brown; 
antennae  (male)  relatively  elongate,  as  shown  by  the  measure- 
ments; flagellar  segments  with  their  lower  faces  protuberant, 
the  surface  with  a  delicate  erect  white  pubescence  and  a  few 
verticils.     Head  dark  brown,  the  anterior  vertex  paler. 

Mesonotal  praescutum  varying  from  yellowish  brown  to  dark 
brown,  darkest  medially,  the  surface  sparsely  dusted;  pseudo- 
sutural  f oveae  black ;  scutal  lobes  likewise  varying  from  yellowish 
brown  to  dark  brown,  the  median  area  a  little  paler  than  the 
lobes ;  scutellum  and  postnotum  pale  brown,  the  surface  sparsely 
pruinose.  Pleura  dark  brown,  the  dorsal  region  of  the  sterno- 
pleurite  paler  to  produce  a  broad  vague  paler  stripe ;  dorsopleural 
region  dusky.  Halteres  pale  brown,  the  base  of  the  stem  re- 
strictedly  obscure  yellow,  the  knobs  infuscated.  Legs  with  the 
coxae  and  trochanters  obscure  yellow;  femora  obscure  yellow, 
the  tips  scarcely  darkened;  tibiae  brownish  yellow,  the  tips 
weakly  infuscated ;  tarsi  passing  into  dark  brown.  Wings  with 
a  strong  grayish  suffusion,  the  small  stigma  a  little  darker; 
veins  dark  brown.  Macrotrichiae  of  cells  abundant,  including 
all  distal  cells  from  R2  to  Cu,  inclusive,  in  some  specimens  even 
including  the  outer  end  of  cell  1st  A.  Venation :  R2  about  one- 
third  R1+2  and  only  a  little  shorter  than  R2+3+4;  cell  Mx  a 
little  longer  than  its  petiole;  cell  1st  M2  small;  m-cu  variable 
in  position,  ranging  from  before  to  beyond  midlength  of  the 
cell. 
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Abdomen,  including  the  hypopygium,  brownish  black,  the 
basal  segments  vaguely  brightened  except  laterally.  Male  hy- 
popygium (Plate  2,  fig.  21)  with  the  outer  apical  angle  of  the 
basistyle  somewhat  conically  produced.  Outer  dististyle  very 
broad,  greatly  compressed,  the  apex  narrowly  blackened,  bifid, 
the  outer  spine  more  slender  and  less  curved  than  the  inner. 
Inner  dististyle  with  the  outer  branch  expanded  at  apex  into 
an  obtuse  head  which  is  densely  set  with  conspicuous  setiferous 
tubercles ;  inner  branch  small,  likewise  conspicuously  setiferous. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  7,000  feet,  June 
2,  1927  (S.  Issiki).  Allotopotype,  female.  Paratopotypes,  one 
male,  two  females. 

ATARBA  LEPTOXANTHA  sp.  nov. 

Allied  to  A.  pallidicornis  Edwards  in  the  general  pale  yellow 
coloration,  with  the  femoral  tips  narrowly  darkened,  but  the 
mesonotum  is  uniformly  reddish  yellow. 

Male. — Length,  5  to  5.2  millimeters ;  wing,  6  to  6.3. 

Female. — Length,  5.5  to  5.8  millimeters;  wing,  6.8. 

Rostrum  and  basal  segments  of  the  palpus  yellow,  the  ter- 
minal palpal  segments  brownish  black.  Antennae  uniformly  pale 
yellow.     Head  yellow. 

Mesonotum  reddish  yellow,  the  sides  of  the  prsescutum  paler, 
more  yellowish  testaceous.  Pleura  reddish  yellow.  Halteres 
pale  yellow,  the  knobs  brighter.  Legs  with  the  coxae  concol- 
orous  with  pleura;  trochanters  yellow;  femora  light  yellow, 
the  tips  very  narrowly  but  conspicuously  dark  brown;  tibiae 
yellow,  the  tips  even  more  narrowly  and  conspicuously  infus- 
cated ;  tarsi  yellow,  the  terminal  segments  a  little  darker.  Wings 
with  a  strong  pale  yellow  suffusion,  sometimes  with  faint  brown 
streaks  in  the  bases  of  cells  C  and  Sc;  veins  brighter  yellow. 
Venation  as  in  pallidicornis  but  R3+4  shorter  and  straighter. 

Abdomen  brownish  yellow,  the  terminal  segments  a  little 
darker.  In  the  female  the  tergites  are  pale  brown,  the  ster- 
nites  paler,  weakly  bicolorous,  the  apices  of  the  segments  being 
broadly  but  slightly  infuscated. 

Habitat. — Formosa. 

Holotype,  male,  Tattaka,  altitude  about  7,400  feet,  August 
17,  1921   (T.  Esaki).     Allotype,  female,  Arisan,  altitude  7,362 
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feet,  August  24,  1921.     Paratopotypes,  three  males,  August  18, 
1921. 

CERATOCHEILUS   FORMOSENSIS   sp.   nov. 

General  coloration  dark  brown;  antennse  black;  wings  pale 
grayish;  R2+3_j_4  long,  gently  sinuous;  veins  Cu  and  1st  A  ap- 
proximated basally  for  a  short  distance  only;  male  hypopygium 
with  the  outer  dististyle  entirely  blackened ;  gonapophyses  elon- 
gate-filiform. 

Male. — Length  (excluding  rostrum),  about  4.3  millimeters; 
wing,  5.2;  rostrum,  about  4. 

Rostrum  elongate,  almost  as  long  as  the  remainder  of  the 
body,  black  throughout.  Antennse  black.  Head  in  front  gray, 
the  posterior  vertex  darker;  anterior  vertex  of  moderate  width, 
at  narrowest  point  approximately  one-sixth  the  head;  eyes 
more  narrowly  separated  beneath,  the  exact  distance  uncertain 
because  of  a  slight  crushing  of  the  head. 

Mesonotal  prsescutum  with  three  nearly  confluent  dark  brown 
stripes ;  scutal  lobes  similarly  colored ;  median  region  of  scutum, 
the  scutellum  and  postnotum  a  little  paler,  sparsely  pruinose. 
Pleura  dark  brown,  the  dorsopleural  membrane  paler.  Halteres 
pale,  the  knobs  dusky.  Legs  with  the  coxae  and  trochanters 
testaceous;  remainder  of  legs  passing  into  dark  brown,  the 
femoral  bases  narrowly  paler.  Wings  with  a  pale  grayish 
tinge,  C  and  Sc  a  little  brighter;  veins  pale  brown.  Macrotri- 
chise  on  veins  relatively  long  and  abundant,  distributed  as  fol- 
lows: Rs,  1;  basal  section  of  R5  about  7;  distal  section  of  the 
same  very  numerous  and  crowded,  occurring  the  whole  length 
of  the  vein;  on  distal  sections  of  M1+2  and  M3;  none  on 
R2+3+4-  Venation  (Plate  1,  fig.  9)  :  ScL  ending  opposite  the 
origin  of  Rs,  the  latter  shorter  than  the  basal  section  of  R5; 
R2+3-f4  long,  gently  sinuous;  vein  R5  powerful,  diverging 
widely  from  the  other  branch  of  Rs;  cell  1st  M2  closed;  m-cu 
just  before  the  fork  of  M;  approximation  of  veins  Cu  and  1st 
A  slight. 

Abdomen  brown.  Male  hypopygium  (Plate  2,  fig.  25)  with 
the  ninth  tergite  bearing  two  low  lateral  lobes  that  are  sparsely 
setiferous.  Basistyle  relatively  short  and  stout;  interbasal  pro- 
cess pale,  compressed,  the  flattened  head  obtuse.  Dististyle 
entirely  blackened,  the  outer  lateral  angle  produced  into  a  slen- 
der rod;  surface  of  the  style  with  a  few  microscopic  setulse, 
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smaller  along  the  margin.  Gonapophyses  appearing  as  two 
elongate,  filiform  rods. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  6,000  feet,  June 
3,  1927  (S.  Issiki) . 

LIPSOTHRIX  TAIWANICA  sp.  nov. 

General  coloration  pale  brownish  yellow,  the  praescutum  with 
four  darker  brown  stripes ;  legs  pale,  the  tarsi  whitened ;  wings 
strongly  tinged  with  brown;  basal  section  of  R5  strongly 
arcuated. 

Male. — Length,  5.5  to  6  millimeters;  wing,  6  to  6.8. 

Described  from  alcoholic  specimens. 

Rostrum  very  small,  pale;  palpi  pale  brown.  Antennae  pale, 
the  outer  segments  darker;  flagellar  segments  oval.  Head  pale 
brownish  yellow. 

Mesonotum  obscure  yellow,  the  praescutum  with  four  brown 
stripes,  the  intermediate  stripes  separated  only  by  a  capillary 
pale  vitta;  scutal  lobes  conspicuously  variegated  with  dark 
brown ;  scutellum  pale  at  base,  the  apex  dusky ;  postnotum  pale. 
Pleura  pale,  the  ventral  pleurites  a  little  darker.  Halteres  pale. 
Legs  relatively  long  and  slender;  coxae  and  trochanters  pale; 
femora  and  tibiae  pale  brown,  the  genua  vaguely  paler;  tarsi 
paling  to  whitish,  the  claws  black.  Wings  with  a  strong  brown 
tinge,  the  center  of  the  disk  a  little  paler ;  veins  darker  than  the 
ground  color;  macrotrichiae  dark  brown,  of  moderate  length 
only.  Venation  (Plate  1,  fig.  10)  :  Scx  ending  about  opposite 
one-third  the  length  of  R2+3+4,  Sc2  near  its  tip;  Rs  relatively 
long;  R24.3+4  longer  than  the  basal  section  of  R5;  R2  a  little 
longer  than  R1+2;  R2+8  shorter  than  R3;  m  shorter  than  the 
outer  deflection  of  M3,  in  cases  much  shorter;  m-cu  at  or  close 
to  the  fork  of  M. 

Abdomen  pale  brown,  the  basistyles  more  yellowish.  Male 
hypopygium  (Plate  2,  fig.  26)  with  the  basistyles  relatively 
short  and  stout,  the  interbasal  process  appearing  as  a  relatively 
slender  pale  rod.  Outer  dististyle  heavily  blackened,  except  at 
base,  dilated  outwardly,  terminating  in  an  acute  spine;  a  second, 
slightly  more  curved  spine  on  the  mesal  edge  some  distance 
from  the  tip,  the  space  between  these  two  spines  appearing  as 
a  flattened  blade.     Inner  dististyle  pale  with  conspicuous  setae. 

Habitat. — Formosa. 

Holotype,  male,  west  side  of  Mount  Daibu,  altitude  3,000  to 
5,000  feet,  mid-March,  1927  (S.  Issiki).  Paratopotypes,  four 
males. 
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The  discovery  of  a  species  of  Lipsothrix  in  the  Oriental 
Region  is  of  considerable  interest.  Limnophila  sylvia  Alexan- 
der described  from  northeastern  North  America,  should  be  trans- 
ferred to  Lipsothrix. 

Genus  RIEDELOMYIA  novum 

Rostrum  short;  palpi  small,  the  terminal  segment  shorter 
than  the  penultimate.  Antennae  (Plate  2,  fig.  23)  sixteen-seg- 
mented,  the  basal  four  to  six  segments  of  the  flagellum  closely- 
united  to  form  an  elongate-conical  fusion  segment ;  first  flagellar 
segment  narrowed  at  base;  segments  2  and  3  much  wider  than 
long;  segment  4  a  little  longer  than  wide;  remaining  flagellar 
segments  becoming  elongate-cylindrical,  the  last  segment  longest  ; 
verticils  of  fusion  segment  relatively  short  and  unilaterally 
arranged,  on  the  outer  segments  becoming  very  long  and  con- 
spicuous, between  two  and  three  times  the  segments ;  on  the  basal 
nine  flagellar  segments  there  are  no  outstanding  verticils  on 
the  inner  face  of  the  segments;  on  the  tenth  and  succeeding 
segments  such  a  verticil  is  present,  placed  more  distad  than 
the  verticils  of  the  lateral  face ;  terminal  segment  elongate,  with 
four  long  terminal  verticils.  Vertex  relatively  wide.  Pronotum 
massive.  Pseudosutural  fovese  large,  elongate-oval;  no  tuber- 
culate  pits;  meron  greatly  reduced.  No  tibial  spurs;  tarsi 
shorter  than  the  tibiae;  tarsal  claws  relatively  large,  untoothed; 
arolia  present.  Wings  (Plate  1,  fig.  11)  with  Sc  long,  Scx  end- 
ing beyond  the  fork  of  Rs,  Sc2  some  distance  from  the  tip  of 
Sc^  being  equal  to  or  longer  than  m-cu  alone;  Rs  long,  strongly 
arcuated  at  origin,  nearly  in  alignment  with  R2+8+4;  R2  about 
two-thirds  R2+3+4  and  about  twice  R1+2  alone;  cell  R2  very 
wide  at  margin;  basal  section  of  R5  strongly  arcuated;  cell  1st 
M2  closed,  long  to  very  long,  m-cu  close  to  the  fork  of  M ;  veins 
Cux  and  2d  A  bent  strongly  into  the  wing  margin ;  arculus  pale 
but  preserved.  Ovipositor  with  relatively  long  valves,  the  ter- 
gal valves  only  gently  upcurved. 

Genotype,  Riedelomyia  gratiosa  sp.  nov.     (Oriental  Region.) 

Other  included  species  are  R.  niveiapicalis  (Brunetti)  of  India 
and  R.  teucholabina  (Alexander)  of  Fiji.  This  new  group  is 
named  in  honor  of  my  old  friend,  Postamtrat  M.  P.  Riedel,  dis- 
tinguished authority  on  the  Tipulidae. 

The  exact  affinities  of  the  species  included  in  this  new  genus 
remain  somewhat  in  doubt.  The  species  hitherto  described  were 
placed  in  different  genera  of  the  Limoniini  (Dicranomyia  and 
Limonia)  but  a  resemblance  to  Teucholabis  was  observed  in  the 
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case  of  both  species.  From  a  critical  survey  of  the  characters, 
as  listed,  it  would  now  appear  that  the  genus  Riedelomyia  should 
be  placed  in  the  Eriopterini  in  the  general  vicinity  of  Teucho- 
labis  and  Gonomyia. 

The  first  member  of  this  group  to  be  described  was  Dicra- 
nomyia  niveiapicalis  Brunetti4  from  the  North  Canara  District, 
Southwest  India.  The  describer  did  not  stress  the  essential 
characters  of  the  fly,  but  in  the  same  paper5  discussed 
a  second  specimen  of  the  genus  that  was  referred  to  Teucholabis 
with  a  querry.  The  latter  specimen  has  been  restudied  and 
is  made  the  type  of  the  genus  under  the  name  Riedelomyia  gra- 
tiosa  sp.  nov.  In  his  extremely  valuable  review  of  the  Oriental 
Tipulidae  described  by  Brunetti,  Edwards  6  has  reexamined  the 
type  of  niveiapicalis,  has  added  further  notes  on  the  structure 
and  coloration,  and  has  indicated  the  relationship  to  Teucholabis. 
The  probability  that  a  new  genus  would  be  necessary  to  receive 
this  fly  was  indicated. 

The  second  species  was  described  from  Fiji  as  Limnobia? 
teucholabina  Alexander  7  and  likewise  was  indicated  as  being  an 
aberrant  type  that  would  probably  require  a  new  group  for  its 
reception.  The  antennae  of  the  latter  species  were  not  well 
preserved  in  the  unique  type  specimen.  The  venation  is  about 
as  in  the  genotype,  differing  as  follows :  Sc  even  longer,  Sct  and 
Rx  close  together  at  wing  margin;  cell  R2  not  so  wide,  vein  R3 
being  strongly  upcurved  at  outer  end ;  cell  1st  M2  very  elongate, 
longer  than  any  of  the  veins  issuing  from  it. 

The  construction  of  the  fusion  segment  of  the  antennae  appears 
to  vary  rather  surprisingly  in  the  different  species,  and  perhaps 
in  the  sexes  of  the  same.  Riedelomyia  niveiapicalis,  according 
to  Edwards's  observation  on  the  dried  type,  has  the  basal  six 
flagellar  segments  almost  united  into  a  large  cone,  the  remain- 
ing segments  of  the  flagellum  very  slender,  with  long  verticils. 
Riedelomyia  gratiosa  has  about  four  segments  so  involved  in 
the  fusion  segment,  while  R.  teucholabina  would  seem,  from 
a  study  of  the  imperfectly  preserved  dried  type,  to  have  not 
more  than  three  or  four  segments  involved  in  the  fusion. 

4Rec.  Ind.  Mus.   15    (1918)    285-286. 

5  T.  c.  306. 

6Rec.  Ind.  Mus.  26   (1924)   297. 

7  Ann.  &  Mag.  Nat.  Hist.  IX  8    (1921)    553-554. 
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RIEDELOMYIA   GRATIOSA   sp.   nov. 

?  Teucholabis  sp.  Brunetti,  Rec.  Ind.  Mus.   15    (1918)    306. 

General  coloration  brown,  the  praescutum  with  four  narrow 
dark  brown  stripes;  pleura  dark  brown,  with  a  narrow  pale 
longitudinal  stripe;  wings  grayish  yellow,  sparsely  spotted  with 
darker. 

Female. — Length,  about  7.5  millimeters;  wing,  6.5. 

Rostrum  brown;  palpi  brownish  black.  Antennae  (Plate  2, 
fig.  23)  as  described  under  the  genus;  scapal  segments  brown, 
the  basal  five  or  six  segments  of  the  flagellum  orange,  the  re- 
maining segments  passing  into  dusky.     Head  brown. 

Pronotum  pale  brown  above,  dark  brown  laterally.  Mesono- 
tal  praescutum  brownish  yellow  with  four  narrow  dark  brown 
stripes,  the  intermediate  pair  separated  from  one  another  by  a 
subequal  distance;  sublateral  stripes  very  short;  lateral  margins 
of  the  praescutum  and  scutal  lobes  narrowly  darkened;  re- 
mainder of  mesonotum  chiefly  dark  brown,  the  surface  more  or 
less  yellowish  gray  pollinose ;  posterior  portion  of  the  postnotum 
pale.  Pleura  almost  covered  by  two  broad  dark  brown  stripes, 
leaving  only  the  dorsopleural  region  and  a  very  narrow  longi- 
tudinal stripe  pale,  yellowish  pollinose;  the  dorsal  brown  stripe 
extends  from  the  cervical  sclerites  to  the  pleurotergite,  passing 
dorsad  of  the  halteres ;  the  ventral  stripe  extends  from  the  fore 
coxae  to  the  base  of  the  abdomen;  the  narrow  pale  dividing 
stripe  extends  from  the  extreme  base  of  the  fore  coxa,  passing 
across  the  dorsal  sternopleurite  and  ventral  pteropleurite  to  the 
posterior  postnotum,  including  the  base  of  the  haltere.  Halteres 
pale,  the  knobs  weakly  darkened.  Legs  with  the  fore  coxae  in- 
fumed  except  at  base,  the  remaining  coxae  pale;  trochanters 
yellow;  only  a  single  (posterior)  leg  remains;  femora  yellow, 
the  tip  narrowly  but  abruptly  whitened,  preceded  by  a  slightly 
narrower  brown  ring;  tibiae  yellow,  the  distal  fifth  paling  into 
white ;  basitarsi  white,  the  outer  tarsal  segments  more  yellowish. 
Wings  with  a  grayish  yellow  suffusion,  the  base  and  cells  C  and 
Sc  brighter;  a  heavy  spotted  brown  pattern,  distributed  as 
follows:  At  h;  arculus;  origin  of  Rs,  extending  caudad  to  vein 
M;  Sc2;  stigma;  origin  of  basal  section  of  R5;  remainder  of 
cord  and  outer  end  of  cell  1st  M2 ;  small  brown  marginal  clouds 
at  ends  of  all  the  longitudinal  veins  except  Scx.  Paler  grayish 
brown  clouds  as  follows:  A  transverse  series  before  the  wing 
tip,  extending  from  costa  across  cells  R2,  R4,  and  R5 ;  a  conspic- 
uous wash  beyond  midlength  of  cell  M  adjoining  vein  Cux; 
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smaller  washes  in  the  anal  cells  adjoining  vein  2d  A,  including 
two  in  cell  2d  A  and  one  near  the  base  of  cell  1st  A ;  veins  yellow, 
dark  brown  in  the  infuscated  areas.  Venation  (Plate  1,  fig. 
11)  as  defined  under  the  genus. 

Abdomen  discolored,  brown,  the  segments  appearing  darker 
brown  laterally;  sternites  paler  brown,  darker  laterally,  the 
caudal  margins  narrowly  pale. 

Habitat. — India. 

Holotype,  female,  Parambikulam,  Cochin  State,  altitude  1,700 
to  3,200  feet,  September  16  to  24,  1914  (F.  H.  Gravely).  Type 
in  the  collection  of  the  Indian  Museum. 

The  present  species  is  allied  to  R.  niveiapicalis  (Brunetti), 
differing  especially  in  the  details  of  coloration  and  structure. 
The  broad  dark  stripes  of  the  thoracic  pleura  are  very  different 
in  their  arrangement.  The  type  of  niveiapicalis  has  not  been 
studied,  but  Edwards  describes  the  ventral  stripe  as  extending 
from  the  neck  to  the  base  of  the  abdomen.  In  gratiosa  this 
stripe  extends  from  the  fore  coxa  to  the  base  of  the  abdomen, 
the  dorsal  stripe  being  the  one  that  includes  the  neck  and  lateral 
propleura. 

Genus  TAIWANINA  novum 

Rostrum  slender,  approximately  two-thirds  as  long  as  the  re- 
mainder of  the  head,  clothed  with  a  very  delicate  pubescence 
and  long  scattered  setae ;  palpi  greatly  reduced  or  lacking.  An- 
tennae (Plate  2,  fig.  24)  twelve-segmented,  short,  the  scapal  seg- 
ments enlarged,  especially  the  large,  oval  second  segment; 
flagellum  with  only  ten  evident  segments,  the  basal  one  a  large 
fusion  segment  which  is  only  slightly  separated  from  the  follow- 
ing segment ;  nine  flagellar  segments  beyond  the  fusion  segment, 
these  short-cylindrical,  becoming  longer  and  more  slender  out- 
wardly; outer  segments  very  elongate,  with  conspicuous  setae, 
the  terminal  segment  with  the  tip  narrowed,  provided  with  four 
long  setae;  vestiture  of  the  flagellar  segments  including  three 
distinct  types  of  setae,  very  elongate  verticils,  a  microscopic 
pubescence,  and  small  setae  set  in  conspicuous  punctures.  An- 
terior vertex  relatively  narrow,  approximately  twice  the  diameter 
of  the  first  scapal  segment;  eyes  beneath  narrowly  contiguous. 
Pronotum  of  moderate  size,  hidden  beneath  the  produced  prae- 
scutum.  Tuberculate  pits  present,  placed  close  together  at  the 
cephalic  margin  of  the  praescutum;  pseudosutural  fovea*  rela- 
tively large,  lying  close  to  the  margin  of  the  sclerite.  Meron 
greatly  reduced,  the  middle  and  posterior  coxae  nearly  contiguous. 
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Legs  long  and  slender;  no  tibial  spurs;  setae  of  legs  simple; 
claws  elongate,  slender,  simple  except  for  an  appressed  spine 
on  outer  face  at  about  three-fourths  the  length;  arolia  lacking. 
Wings  (Plate  1,  fig.  12)  with  Sc  moderately  long,  Sct  ending 
shortly  beyond  midlength  of  Rs,  Sc2  a  short  distance  from  its 
tip;  Rs  relatively  short,  in  alignment  with  the  basal  section 
of  R5 ;  R  2+8+4s  at  origin  subperpendicular  to  the  end  of  Rs, 
thence  gently  sinuous  to  the  margin;  R2  lacking;  R3  and  R4 
fused  to  margin,  obliterating  cell  R3;  r-m  much  shorter  than 
the  basal  section  of  R5;  cell  Mx  lacking;  cell  1st  M2  closed,  its 
inner  end  arcuated;  m-cu  at  or  beyond  midlength  of  the  cell, 
equal  to  or  longer  than  the  distal  section  of  Cux ;  Cu2  very  con- 
spicuous; anterior  arculus  lacking.  Male  hypopygium  with  the 
tergite  produced  medially,  the  apex  obtusely  rounded.  Basi- 
styles  relatively  short,  the  two  dististyles  nearly  terminal  in 
position;  outer  style  a  slender,  nearly  straight  chitinized  rod 
terminating  in  two  decurved  teeth  of  which  the  outer  is  smaller ; 
inner  dististyle  longer,  the  outer  half  narrowed.  iEdeagus  and 
gonapophyses  inconspicuous.     Anal  tube  conspicuous. 

Genotype,  Taiwanina  pandoxa  sp.  nov.  (Oriental  Region.) 
Despite  the  loss  of  cell  R3  of  the  wing,  the  new  genus  Taiwa- 
nina appears  to  be  placed  correctly  in  one  of  the  lower  subtribes 
of  the  Eriopterini,  near  such  groups  as  the  Gonomyaria,  Toxor- 
hinaria,  and  Claduraria,  with  all  of  which  it  shows  some 
features  in  common.  The  slightly  elongated  rostrum,  with  very 
reduced  palpi,  together  with  the  structure  of  the  antennae,  re- 
minds one  very  strongly  of  the  Toxorhinaria ;  but  the  setae 
of  the  legs  are  simple  and  it  seems  probable  that  the  relationship 
is  not  especially  close.  The  combination  of  antennal  and  hypo- 
pygial  structure,  and  the  wing  venation,  separates  this  beautiful 
little  fly  as  an  isolated  type.  At  first  sight  one  is  reminded 
by  the  venation  and  short  rostrum  of  the  subtribe  Heliaria, 
but  the  structure  of  the  antennae  and  thorax  renders  such  an 
assignment  less  probable. 

TAIWANINA  PANDOXA  sp.  nov. 

General  coloration  black;  pronotum  and  a  longitudinal  stripe 
on  the  thoracic  pleura  yellow;  halteres  yellow,  the  knobs  dark 
brown;  femora  black,  the  bases  yellowish;  tibiae  orange,  the 
base  and  apex  white;  basitarsi  obscure  orange,  the  base  infus- 
cated,  remainder  of  tarsi  white ;  wings  strongly  inf umed,  varie- 
gated with  yellow,  the  costa  broadly  so;  intermediate  abdominal 
sternites  with  a  whitish  spot  on  either  side  at  base. 
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Male. — Length,  about  5  to  5.5  millimeters;  wing,  5  to  7.2. 

Rostrum  and  remainder  of  head  black.  Antennae  brownish 
black  throughout. 

Cervical  sclerites  black,  brighter  above.  Pronotum  light 
yellow.  Mesonotal  praescutum  brown,  darker  behind,  paling 
into  yellowish  brown  in  front,  without  evident  pattern;  tuber- 
culate  pits  and  pseudosutural  foveae  nearly  concolorous;  re- 
mainder of  mesonotum  dark  brown.  Pleura  brownish  black 
with  a  conspicuous  pale  longitudinal  stripe  extending  from  the 
propleura,  narrowed  behind,  ending  beneath  the  wing  root,  pos- 
teriorly with  the  surface  whitish  pruinose.  Halteres  of  mod- 
erate length,  yellow,  the  knobs  dark  brown.  Legs  with  the 
fore  coxae  pale  yellowish  brown,  darker  apically,  the  remaining 
coxae  and  all  trochanters  black;  femora  black,  the  bases  broadly 
and  conspicuously  yellow,  the  middle  femora  almost  entirely 
blackened;  tibiae  bright  orange,  the  base  narrowly  pure  white, 
the  apex  more  broadly  of  this  color,  the  latter  preceded  by  a  more 
or  less  distinct  darkened  ring;  basitarsi  obscure  orange,  the 
extreme  base  infuscated,  the  apex  and  remainder  of  the  tarsi 
pure  white,  the  terminal  segment  a  trifle  more  yellowish.  Wings 
strongly  infumed,  the  prearcular  and  costal  regions  broadly  and 
conspicuously  bright  yellow,  more  rarely  a  trifle  obscured,  send- 
ing large  caudal  extensions  caudad  over  the  arculus,  in  cell  R 
before  Rs  and  in  cell  R2  beyond  Rs ;  conspicuous  yellow  marginal 
spots  in  outer  ends  of  cells  R2  and  R4 ;  small  paler  spots  in  outer 
ends  of  cells  R5,  2d  M2,  M3,  and  M4 ;  large  geminate  yellow  spots 
at  margin  on  either  side  of  both  anal  veins;  vague  pale  centers 
in  the  cells  adjoining  the  cord;  posterior  arculus  dark;  veins 
pale  brown,  C,  Sc,  and  R  clear  light  yellow  except  where  tra- 
versed by  dark  areas.  Venation  (Plate  1,  fig.  12)  as  discussed 
under  the  genus ;  Rs  relatively  short,  strongly  arcuated  to  weakly 
angulated  at  origin;  basal  section  of  R5  variable  in  length;  cell 
R4  strongly  widened  at  outer  end ;  anal  veins  bent  abruptly  into 
the  margin. 

Abdomen  black;  sternites  3  to  7  laterally  at  base  with  a  con- 
spicuous oval  whitish  spot;  hypopygium  dark,  the  tergal  region 
paler.     Male  hypopygium  as  discussed  under  the  genus. 

Habitat. — (Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  6,000  feet,  June  7, 
1927  (S.  Issiki) .  Paratopotypes,  two  males,  June  3  to  7,  1927 ; 
paratype,  alcoholic  male,  Rengechi,  altitude  1,500  to  2,000  feet, 
end  of  March,  1927  (S.  Issiki) . 
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Taiwanina  pandoxa  is  a  striking  fly  similar  to  no  species  so 
far  described. 

MOLOPHILUS  PALLIDIBASIS  sp.  nov. 

Belongs  to  the  gracilis  group;  allied  to  M.  costalis  Edwards; 
antennae  whitish ;  mesonotum  pale  brown ;  wings  with  a  grayish 
yellow  tinge,  the  costal  region  brighter  yellow;  male  hypopy- 
gium  with  the  dorsal  lobe  of  the  basistyle  a  cylindrical  fleshy 
lobe  that  is  setiferous  to  the  blunt  apex. 

Male. — Length,  about  3.5  millimeters;  wing,  4.3. 

Described  from  an  alcoholic  specimen. 

Rostrum  and  palpi  brown.  Antennae  with  the  first  scapal  seg- 
ment dark,  the  remainder  of  the  organ  whitish.  Head  ocherous 
brown,  the  vertex  a  little  darker. 

Pronotum  whitish  above,  darker  laterally.  Mesonotal  prae- 
scutum  pale  brown,  the  praescutum  with  scarcely  differentiated 
paler  stripes.  Pleura  brown,  the  dorsopleural  region  whitened. 
Halteres  dusky,  the  knobs  a  little  more  whitish.  Legs  with  the 
coxae  and  trochanters  obscure  yellow ;  remainder  of  legs  obscure 
yellow,  the  tarsi  passing  into  darker.  Wings  with  a  grayish 
yellow  suffusion,  the  costal  region  brighter  yellow ;  veins  brown- 
ish yellow,  those  in  the  costal  region  brighter.  Venation:  R2 
lying  proximad  of  the  basal  section  of  R5;  petiole  of  cell  M3 
more  than  twice  m-cu ;  vein  2d  A  ending  about  opposite  m-cu. 

Abdominal  tergites  brown,  the  sternites  paler.  Male  hypopy- 
gium  (Plate  2,  fig.  27)  with  the  dorsal  lobe  of  the  basistyle  re- 
latively long  and  slender,  cylindrical  setiferous  to  the  tip ;  mesal 
lobe  shorter  and  broader;  a  blunt  setiferous  tubercle  near  base 
of  the  style.  Outer  dististyle  relatively  slender,  the  base  ex- 
panded, the  remainder  of  the  style  heavily  blackened,  the  tip 
narrowed  into  an  acute  curved  spine;  surface  of  the  style  with 
microscopic  appressed  spinules.  Inner  dististyle  subequal  in 
length  to  the  outer,  sinuous,  the  apex  a  little  widened,  obtuse, 
the  inner  margin  produced  into  a  small  spinous  point;  inner 
margin  of  the  stem  with  a  few  microscopic  spinules. 

Habitat. — Formosa. 

Holotype,  male,  west  side  of  Mount  Daibu,  altitude  3,000  to 
5,000  feet,  mid-March,  1927  (S.  Issiki) . 

MOLOPHILUS   ALBOCOSTALIS   sp.   nov. 

Belongs  to  the  gracilis  group;  allied  to  M.  costalis  Edwards; 
antennae  whitish;  mesonotum  dark  brown,  the  lateral  margins 
conspicuously  yellowish  white;  wings  tinged  with  brown,  the 
costal  margin  whitish;  a  small  dark  brown  spot  on  the  anterior 
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arculus ;  male  hypopygium  with  the  dorsal  lobe  of  the  basistyle 
a  flattened  glabrous  blade,  the  tip  obtusely  rounded. 

Male. — Length,  about  2.6  to  3  millimeters ;  wing,  3.3  to  4.2. 

Rostrum  and  palpi  dark  brown.  Antennae  with  the  basal  five 
or  six  segments  whitish,  the  outer  segments  more  infuscated. 
Head  yellow,  the  center  of  the  vertex  with  a  large  oval  dark 
brownish  gray  spot. 

Pronotum  yellowish  white,  darker  laterally;  anterior  lateral 
pretergites  yellowish  white.  Mesonotal  praescutum  brownish 
gray,  the  lateral  margins  yellowish  white;  remainder  of  me- 
sonotum  dark  brown.  Pleura  dark  brown.  Halteres  dusky, 
the  base  of  the  stem  restrictedly  paler.  Legs  with  the  coxae 
dusky,  the  middle  and  hind  coxae  a  trifle  more  yellowish;  tro- 
chanters yellowish  testaceous;  remainder  of  legs  dark  brown, 
the  tarsal  segments  darker.  Wings  with  a  brownish  tinge,  the 
costal  margin  whitish ;  a  small  dark  brown  spot  on  the  anterior 
arculus;  veins  pale  brown,  yellowish  in  the  costal  region;  ma- 
crotrichiae  dark  brown.  Venation:  R2  lying  proximad  of  the 
basal  section  of  R5;  petiole  of  cell  Mx  more  than  twice  m-cu; 
vein  2d  A  relatively  short,  ending  some  distance  before  m-cu. 

Abdomen  dark  brown,  the  hypopygium  brighter.  Male  hy- 
popygium (Plate  2,  fig.  28)  with  the  basistyle  relatively  long 
and  slender,  the  dorsal  lobe  a  flattened  glabrous  blade,  the  apex 
broadly  rounded;  mesal  lobe  much  shorter,  obtuse,  provided 
with  a  few  conspicuous  setae;  mesal  tubercle  of  the  basistyle 
lying  on  distal  half  of  the  style.  Outer  dististyle  a  slender 
blackened  rod,  narrowed  gradually  to  the  acute  curved  apex,  the 
surface  with  abundant  microscopic  appressed  spinules.  Inner 
dististyle  longer  and  broader,  near  midlength  markedly  con- 
stricted, the  apical  half  narrowed  to  the  acute  tip,  this  expanded 
headlike  portion  with  abundant  microscopic  spinules. 

Habitat. — Formosa. 

Holotype,  male,  Mount  Rantaizan,  altitude  7,000  feet,  June 
2,  1927  (S.  Issiki).     Paratopotypes,  several  males. 

Molophilus  costalis  Edwards  (Plate  2,  fig.  29)  and  M.  arisanus 
Alexander  (Plate  2,  fig.  30)  are  readily  distinguished  from  the 
two  allied  species  described  at  this  time  by  the  elongate  spinous 
dorsal  lobe  of  the  basistyle  of  the  male  hypopygium.  The  struc- 
ture of  the  styli  of  these  four  Formosan  species  is  shown  in 
Plate  2,  figs.  27  to  30. 


ILLUSTRATIONS 

[Legend:  b,  basistyle ;  i,  interbase ;  o,  outer  dististyle ;  R,  radial  vein  and  its  branches; 
Rs,  radial  sector ;  t,  tergite.  Venational  terminology  used,  Comstock-Needham-Tillyard,  as 
modified    by    Alexander.    Hypopygial    terminology    used,    Crampton.] 

Plate  1 

Fig.  1.  Nesopeza  circe  sp.  no  v.,  wing. 

la.  Nesopeza  circe  sp.  nov.,  detail  of  radial  field  of  wing. 

2.  Limonia  fraudulenta  sp.  nov.,  wing. 

3.  Limonia  ebriola  sp.  nov.,  wing. 

4.  Eurhamphidia  inelegans  sp.  nov.,  wing. 

5.  Protohelius  issikii  gen.  et  sp.  nov.,  wing. 

5a.  Protohelius  issikii  gen.  et  sp.  nov.,  detail  of  radial  field  of  wing. 

6.  Tricyphona  kirishimensis  sp.  nov.,  wing. 

7.  Tricyphona  formosana  Alexander,  wing. 

8.  Pseudolimnophila  descripta  sp.  nov.,  wing. 

9.  Ceratocheilus  formosensis  sp.  nov.,  wing. 

10.  Lipsothrix  taiwanica  sp.  nov.,  wing. 

11.  Riedelomyia  gratiosa  gen.  et  sp.  nov.,  wing. 

12.  Taiwanina  pandoxa  gen.  et  sp.  nov.,  wing. 

Plate  2 

Fig.  13.  Tipula  tetracantha  sp.  nov.,  details  of  male  hypopygium. 

14.  Limonia  fraudulenta  sp.  nov.,  male  male  hypopygium. 

15.  Limonia  remissa  sp.  nov.,  male  hypopygium. 

16.  Limonia  ebriola  sp.  nov.,  male  hypopygium. 

17.  Dicranomyia  nesomorio  sp.  nov.,  male  hypopygium. 

18.  Protohelius  issikii  gen.  et  sp.  nov.,  male  hypopygium. 

19.  Dicranoptycha  formosensis  sp.  nov.,  male  hypopygium. 

20.  Dicranoptycha  geniculata  sp.  nov.,  male  hypopygium. 

21.  Limnophila   (Tricholimnophila)  platy style  sp.  nov.,  male  hypopy- 

gium. 

22.  Liogma  pectinicomis  sp.  nov.,  antenna  of  male. 

23.  Riedelomyia  gratiosa  gen.  et  sp.  nov.,  antenna  of  female. 

24.  Taiwanina  pandoxa  gen.  et  sp.  nov.,  antenna  of  male. 

25.  Ceratocheilus  formosensis  sp.  nov.,  male  hypopygium. 

26.  Lipsothrix  taiwanica  sp.  nov.,  male  hypopygium. 

27.  Molophilus  pallidibasis   sp.   nov.,  male  hypopygium. 

28.  Molophilus  albocostalis  sp.  nov.,  male  hypopygium. 

29.  Molophilus  costalis  Edwards,  male  hypopygium. 

30.  Molophilus  arisanus  Alexander,  male  hypopygium. 
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ERRATA 

Page  55,  in  the  fourth  line  from  the  bottom,  for  Chamberlain, 
read  Chamberlin, 

Page  57,  in  line  20,  for  giving  birth  read  the  liberation  of 
Page  57,  in  footnote  5,  for  (1912)  read  (1913) 
Page  58,  in  the  third  paragraph,  line  2,  cancel  the  comma. 
Page  61,  insert  a  center  head  insecta  above  the  center  head 

ORTHOPTERA 

Page  62,  in  the  quotation  from  Imms,  in  line  5,  after  soil 
insert  very  much  after  the  manner  of  the  "casts"  of  earthworms. 
In  many  parts  of  the  tropics  there  is  scarcely  a  cubic  yard  of 
soil 

Page  63,  footnote  11,  in  line  2,  for  234  read  243 

Page  70,  in  line  26,  for  by  others,  read  by  others  for  Ochro- 
myia. 

Page  70,  in  line  29,  for  Ochrimyia.  read  Ochromyia. 

Page  72,  in  the  second  line  from  the  bottom,  for  gibolensis 
read  gilolensis 

Page  73,  to  footnote  29,  add  210. 

Page  75,  in  the  thirteenth  line  from  the  bottom,  for  centi- 
meters, read  centimeters; 

Page  75,  in  the  third  line  from  the  bottom,  cancel  both  commas. 

Page  76,  in  the  sixth  line  of  the  quotation,  cancel  the  semi- 
colon. 

Page  76,  in  the  sixth  line  from  the  bottom,  for  chrysogona 
read  chrysozona 

Page  80,  in  line  19,  for  Notoduntidse  read  Notodontidse 

Page  82,  to  footnote  37,  add  325-326. 

Page  83,  in  line  24,  for  Chalbyion  read  Chalybion 

Page  83,  in  the  thirteenth  line  from  the  bottom,  for  of  Bull. 
read  of  my  Bull. 

Page  83,  in  the  eleventh  line  from  the  bottom,  for  interudens 
read  intrudens 

Page  86,  in  the  second  paragraph,  line  2,  and  in  footnote  43, 
for  1927  read  1928 

Page  87,  in  the  second  paragraph,  line  5,  for  Cephalomomyia. 
read  Cephalonomyia. 
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492  Errata 

Page  93,  for  line  4,  read  of  the  nests  of  certain  other  ants, 
like  those  of  Anoplolepis — 

Page  96,  to  footnote  57,  add  the  date  1923. 

Page  97,  line  8,  delete  the  first  comma. 

Page  97,  in  line  11,  for  plurae,  read  plura, 

Page  97,  in  line  22,  for  mesoplurse,  read  mesoplura, 

Page  98,  in  line  5,  for  margination  read  emargination 

Page  98,  in  line  17,  for  margins  read  margin 

Page  100,  in  line  16,  for  reticulate;  drawn  read  reticulate, 
drawn 

Page  100,  in  line  17,  for  place ;  read  thorn ; 

Page  105,  in  the  ninth  line  from  the  bottom,  cancel  "and  not 
very  loud." 

Page  108,  in  footnote  65,  for  187.  read  185. 

Page  108,  in  footnote  66,  for  27:  408.  read  27  (1920)  409. 

Page  109,  cancel  the  center  heading. 

Page  112,  in  footnote  69,  for  (1922).  read  (1907)  1022. 

Page  112,  in  footnote  70,  for  (September,  1925).  read  (1925) 
326. 

Page  118,  in  the  description  of  Plate  7,  fig.  1,  for  celebensis 
read  celebesensis 
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Abo-abo  soil  of  Occidental  Negros,  the,  391. 
Aedes     (Stegomyia)    variegatus    Big.,    77. 
Aenictus,   71,   93. 

Ethiopsar  cristatellus   (Linn.),  114. 
Ageniella   unifasciata    (Ashm.),    82. 
Agrostis    procera    Retz.,    3. 
ALEXANDER,      CHARLES     P.,     New     or 
little-known     Tipulida?     from     eastern 
Asia    (Diptera),  II,  455. 
Alicante,    M.    M.,    The    abo-abo    soil    of    Oc- 
cidental Negros,   391. 
Amathusia,    75. 

phidippus   Linn.,    74. 
Ampalaya,    415. 

Amphacanthus    albopunctatus    Schlegel,    165, 
167. 

concatenate   Cuv.   &   Val.,   156. 

corallinus    Cuv.    &    Val.,    159. 

cyanotaenia    Blkr.,     169. 

doliatus    Cuv.    &    Val.,    173. 

dorsalis    Blkr.,    165. 

fusceecens    Guv.    &    Val.,    154. 

guttatus   var.    oramin   Bl.   &   Schn.,    165. 

hexagonatus    Blkr.,    162. 

javus  Cuv.   &  Val.,   175. 

lineatus  Cuv.  &  Val.,   176. 

margaritiferus    Cuv.    &    Val.,    165. 

oramin   Web.,   165. 

puellus  Schlegel,   169. 

rostratus   Cur.   &   Val.,    161. 

striolatus  Web.,   177. 

sutor   Cuv.    &    Val.,    168. 

tetrazona    Blkr.,    174. 

tetrazonus    Blkr.,    157. 

vermiculatus    Cuv.    &    Val.,    179. 

virgatus    Cuv.    &.    Val.,    171. 

vulpinus    Schlegel   &    Mull.,    182. 
Amphistegina  niasi,    121. 
Amphora  ovalis  Kiitzing  var.  libyca  Ehrenb., 

47. 
Ampulex  constanciae  Cam.,   94. 
Ampullinopsis,    123. 

An    investigation    to    determine    a    satisfac- 
tory    standard     for     beriberi-prevent- 
ing   rices,    351. 
Anamirta,    192. 

cocculus  W.   &.  A.,   193. 
Anay,    63. 
Ancistrocerus,    80. 

domesticus   Williams,    79,    99. 


Anopheles    philippinensis    Ludlow,    77. 
Anoplolepis,   93. 

longipes  Jerdon,  69,  70,  96. 
Anthonomus,    79. 
Anthrax    fulvula    Wd.,    77. 

sp.,    77. 
Ant    lions,    73. 
Ants,    78,    92. 

fire,    94. 

household,    92. 
Apis,   91. 

dorsata,    91. 

florea  F.,  91. 

indica,    91. 

mellifera   Linn.,    91. 

(Megapis)    binghami    Ckll.,    91. 

(Megapis)    dorsata    F.,    91. 
Arachnida,   56. 
Areca  catechu  Linn.,  76. 
Argiopidae,    58. 
Aristida  Linn.,   1. 

setifolia    HBK.,    2. 

sorzogonensis    Presl,    1. 
Artema   atlanta,    60. 

Ascariasis:   Relation  between  the  number  of 
ova  per  gram  of  formed  stool  and  the 
number  of  female  worms  harbored  by 
the    host,    23. 
Ascaris,  23-25. 
Atarba   leploxantha   Alex.,   478. 

pallidicornis    Edwards,    478. 
Atopula    ceylonica,    94. 
Atropos    divinatoria     (Miill.),    74. 
Atta,   63. 
Attidae,    58. 
Atun    laut,    6. 


Bacillus    dysenteriae    Flexner,    133-136,    140, 
141. 

dysenteriae    Shiga,    140. 

paratyphosus,     140-142. 

typhosus,    140-142. 
Bagoong,    152. 
Baker,    Charles    Fuller,    429. 
Bambusa  blumeana  Schultes,  54. 
Barangan,    152. 
Batawayi,    152. 
Bats,   house,    111. 
Bayawak,    109. 
Bean,    415. 
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Bees,    78. 

household,   88. 
Beet,    415. 
Beetles,   102. 

rust-red    flour,    382. 
Bejuco,    54. 
Bellong,    153. 
Belonidae,    31. 
Bengalia,    69,    70. 

latro    de    Meij.,    69. 
Beriberi-preventing    rices,     a    standard     for, 

351. 
Beta   vulgaris    Linn.,    415. 
Birds    in    houses,    110. 
Blatella  germanica    (Linn.),  61. 
Blattida?,    61. 
Bombus,   91. 
Book   lice,   73. 
Bostrychidse,    84,    103. 
Branchiostigidae,   32. 
Branchiostegus   ilocanus    Herre,    32. 
Brassica   juncea    (Linn.),   415. 
Bromus   Linn.,   3. 

lanatus    HBK.,    3. 

luzonensis    Presl,    3. 
Brownlowia    Roxb.,    6. 

argentata    Kurz,    6. 

lepidota   Warb.,    6. 

riedelii    Hemsl.,    6. 
Bucbuc,    103. 
Bulakan,     411. 

Burasaia   madagascarensis   DC,    193. 
Butterflies    that    patronize    the    nipa    house, 
74. 

c 

Caddis   flies,    72. 
Calamus,   54,  112. 
Callionymidse,   33. 
Callos,    129. 
Camponotinae,    95. 
Camponotue,    57,    96. 

( Cblobopsis )    leonardi    Emery,    96. 

(Tanaemyrmex)    irritans    F.    Sm.    subsp. 
obfuscatus   Vieh,   96. 
Canthium  Lam.,  1,   7,  9. 

brunneum    (Merr.),   7. 

cordatum     (Merr.),    7. 

culionense    (Elm.)    Merr.,   8. 

dicoccum    (Gaertn.)    Merr.,    8. 

didymum  Gaertn.,  8. 

ellipticum    (Merr.),    8. 

elmeri    Merr.,    8. 

fenicis    (Merr.),    8. 

glandulosum    (Blco.)    Merr.,   8. 

gracilipes   Kurz,    8. 

gynochthodes    Baill.,    9. 

horridum  Blm.,  9. 

ley  tense    (Merr.),    8. 

mabesae    (Elm.)    Merr.,    8. 

megacarpum    (Merr.),    8. 

monstrosum    (A.    Rich.)    Merr.,    8. 

obovatifolium    (Merr.),    8. 

oligophlebium     (Merr.),    8. 


Canthium    Lam. — Continued. 

paucinervium     (Merr.),    8. 

pedunculare    Cav.,    9. 

ramosii    (Merr.),    9. 

sarcocarpum    (Merr.),    9. 

subcapitatum    (Merr.),    9. 

subsessilifolium    (Merr.),    9. 

wenzelii    (Merr.),    9. 
Carica    papaya    Linn.,    415. 
Carponycterinse,    114. 
Carponycteris    minima?,    114. 
Castalia    obsoleta   Chevr.,    88. 
Cecidomyidse,    85. 
Centipedes,    60. 

Centrogaster    fuscescens    Houttuyn,    154. 
Cephalonomyia,  87,  88. 
Ceratocheilus    formosensis    Alex.,    479. 
Chalybion    violaceum    (F.),    83,    87. 
Charles    Fuller   Baker,    429. 
Chaulmoogryl     derivatives     of     lactates     and 

salicylates,    405. 
Chicharo,  415. 
Chilopoda,    60. 
Chlorion,  87. 

aurulentus,    87. 

aurulentus        (F.),       var.       ferrugineus 
(Lep.),   87. 
Chrysididse,    88. 
Cicada,    115. 

Cissampelos    caapeba    Linn.,    193. 
CLARA,    FELICIANO    M.,    A    phytophthora 

disease   of   santol   seedlings,    411. 
Clavos,    127. 
Clavus,    129. 
Cleridae,    103. 
Clypeaster,   124. 

sp.,   124. 
Cocconeis    placentula    Ehrenb., 
Cocculus  leaeba  DC,    193. 
Cockroaches,    61. 
Colasisi,    111. 
Coleoptera,   102. 
Colophotia  praeusta  Eschsch., 
Coptotermes    intrudens,    64. 

vastator   Light,    65. 
Corcyra   cephalonica   Staint.,    382. 
Cordia,    69. 

myxa,    69. 
Correlation    of    the    tertiary    formations     of 
the   Philippines  with  those  of   Europe, 
Asia,   and  America,    119. 
Corrodenta,     102. 
Corrodentia,    73,   86. 
Cosymbotes   platyurus,    108. 
Crabro   makilingi   Williams,    85,    100. 

(Rhopalum)    clavipes,    86. 
Cremastogaster,    95. 
Cryptotermes   cynocephalus   Light,    65. 

piceatus,    64. 

( Planocryptotermes )     nocens    Light,    65. 
Ctenoplectra,    89,    90. 
vagans    Ckll.,    88. 
Cucurbita    maxima    Dusch.,    415. 


41. 


102. 
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Cycloclypeus  communis,   121. 
Cylidrus   cyaneus   F„    103. 
Cylindrotominse,    458. 

C'ymatopleura    elliptica     Brebisson     var.    ge- 
nuina    Grun.,    48. 

solea    Brebisson,    48. 

solea  var.   gracilis   Grun.,   48. 
Cymbella   aspera    Ehrenb.,    45. 

aspera  var.  elongata  Skvortzow,  46. 

aspera   var.   manschurica   Skvortzow,    46. 

cistula  Hemprich,  46. 

cistula  var.   hinganensis  Skvortzow,   46 

cistula  var.   manschurica   Skvortzow,   46. 

cuspidata   Kiitzing,    46. 

heteropleura    Ehrenb.,    46. 

tumida    Brebisson    var.    borealis     Grun., 
46. 

ventricosa    Kiitzing,    47. 
Cynomolgus    philippinensis    Geof.,    219,    227, 

234. 
Cynopterus,   113,   114. 
Cyperacese,    4. 
Cyperus   Linn.,    4. 

albus   Presl,   5. 

breviflorus    Dietr.,    5. 

haspan    Linn.,    5. 

luzonensis    Presl,    4,    5. 

micranthus    Presl,    5. 

multiflorus    Kunth,    5. 

philippensis    Presl,    5. 

pilosus    Vahl,    5. 

stoloniferus    Retz.,    5. 


Danguit,     153. 
Dasia  smaragdinum,   110. 
Dayagbagu,    153. 
Desepyris,    87. 
Desmodus,   111. 
Diacamma,    93. 

australe,   94. 

rugosum    Le    Guill.    subsp.    geometricum 
Sm.   var.   viridipurpureum   Emery,   93. 
Dianthidium,    91. 
Diatoms    from    Khingan,    North    Manchuria, 

China,   39. 
Dicranomyia,   460,   481. 

cingulifera    Alex.,    463. 

frivola  Alex.,  464. 

morio,    460,    465. 

nesomorio   Alex.,    465. 

niveiapicalis    Brun.,    482. 

pulchripennis,   464. 

shirakii    Alex.,    464. 
Dicranoptycha   formosensis   Alex.,   470. 

gen icu lata  Alex.,  471. 
Dicranorhina,    86. 

luzonensis     Rohwer,     86. 
Digitaria   Scop.,    2,    3. 

chinensis   Merr.,    4. 

fnsca    (Presl)    Merr.,   4. 
233798 10 


Digitaria     Scop. — Continued. 

longiflora    (Gmel.)    Pers.,  4. 

violascens    Merr.,    4. 
Dinoderus    brevis    Horn,    103. 

minutus    (F.),    103. 
Diploclisia    macrocarpa    Miers,    193. 
Diploneis   puella    (Schum.)    Cleve,    41. 
Diplopoda,    60. 

Dipseudopsis    bakeri    Banks,    72. 
Diptera,    77. 
Dolichoderinae,    95. 
Dolichoderus,   95. 

(Hypoclinea)       bituberculatus       (Mayr), 
95. 
Dorylinre,    92. 
Dorylus,  70. 
Dysentery,   bacillary,   note  on,    133. 

E 

Ecdamua  sp.,  85. 
Eggplant,   415. 

ELLIOTT,    E.    A.,    New    Stephanid«    from 
Borneo    and    the    Philippine    Islands, 
IV,  439. 
Epithemia  argus  Ehrenb.  var.  amphicephala 
Grun.,    47. 
argus   var.   longicornis   Grun.,   47. 
sorex   Kiitzing,   47. 
turgida    (Ehrenb.)    Kiitzing,  47. 
turgida    (Ehrenb.)    Kiitzing    var.    verta- 

gus   Kiitzing,  47. 
turgida    var.    westermanni    Kiitzing,    47. 
zebra     Ehrenb.,     47. 
Epitonium   sp.,    124. 
Epyris,    87. 

Erionota  thrax  Linn.,    76. 
ESSIG,  E.  O.,  Charles  Fuller  Baker,  429. 
Eugenia   jambolana,   81. 
Eumenes,    80. 

curvata    Sauss.,    80. 
fulvipennis   Sm.,   80. 
makilingi  Williams,   80,  97. 
Eumenidse,    82. 
Eunotia    lunaris    Ehrenb.,    41. 

pectinalis  Kiitzing  var.  ventricosa  Grun., 

41. 
pectinalis   var.    impressa   O.   Mull.,   41. 
pectinalis     var.     impressa     forma    curta 
Van   Heurck,  41. 
Eurhamphidia   abnormalis    (Brun.),    470. 
inelegans    Alex.,    469. 
niveitarsis    (Skuse),   470. 
Eutermes,   71. 

monoceros,    71. 
Eutettix   tenellus,    430. 

Experimental  yaws  in  Philippine  monkeys 
and  a  critical  consideration  of  our 
knowledge  concerning  Framboesia  tro- 
pica in  the  light  of  recent  experi- 
mental evidence,  209. 
Exoprosopa   sp.,    77. 
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Fagacese,    6. 

FAUSTINO,  LEOPOLDO  A.,  Correlation  of 
the    tertiary    formations    of    the    Phil- 
ippines   with    those    of    Europe,    Asia, 
and    America,    119. 
FELICIANO,   R.   T.,   see   Vedder   and   Feli- 

ciano. 
Ficus  hauili  Blco.,   113. 

nota    (Blco.)    Merr.,    84,    94,    113. 
Timbristylis   Vahl,    5. 
annua  R.   &   S.,   6. 
pilosa    Vahl,    5. 
Fishes,    new    Philippine,    31. 
Flabellum    australe    Moseley,    124. 
Fleas,    77. 
Flies,   77. 

caddis,    72. 
Fontinalis   sp.,    39. 
Formica,    95. 
Formicidse,   72. 
Foxes,   flying,   112. 

Fragilaria    capucina    Desmazieres,    39. 
hinganensis    Skvortzow,    39,    40. 
hinganensis    var.    longissima    Skvortzow, 
40. 
Frog,    banana,    105. 
Frogs  in  houses,   105. 

Frustulia  vulgaris  Thw.  var.  asiatica  Skvort- 
zow,   39,    42. 


Gekko  gecko,    106. 

porosus  Taylor,    108. 
Geometridae,  80. 

Gomphonema   acuminatum    Ehrenb.    var.    co- 
ronata    Ehrenb.,    45. 
acuminatum     var.     brebissonii     Kutzing, 

45. 
acuminatum     var.     trigonocephala     Eh- 
renb.,   45. 
constrictum       Ehrenb.       var.       capitata 

Ehrenb.,    45. 
constrictum    forma    curta    Grun.,    45. 
geminatum    Lyngb.,    45. 
parvulum    Kutzing    var.    micropus    Kut- 
zing,   45. 
sphaerophorum    Ehrenb.,     45. 
Gonomyia,    482. 
Gramineae,   1. 
Gryllacris  sp.,   87. 
Guinamos,    152. 

H 

Hantzschia  amphioxys    (Ehrenb.)    Grun.  var. 
xerophila    Grun.,    48. 
amphioxys    (Kutzing)    Grun.   var.   hinga- 
nensis   S'kvortzow,    48. 
Helius    rufithorax    Alex.,    468. 

tenuirostris   Alex.,   469. 
Hemidactylus    fiaviviridis    Riipp.,    109. 

frenatus,    108. 
Hemiramphus,   32. 


Heriades    sauteri    philippinensis     Friese,    91. 
HERRE,    ALBERT    W.,    Three    new    Philip- 
pine fishes,  31. 
HERRE,   ALBERT   W.    and   HERACLIO   R. 
MONTALBAN,    The    Philippine    siga- 
nids,  151. 
Hersilia,    57. 
Hersiliidae,   57. 
Hesperidse,    76. 

Heterobostrychus   aequalis    Waterh.,    103. 
Heteropoda,  57,  83. 

regia  F.,   56,   82. 
Hevea  brasiliensis    (HBK.)    Muell.-Arg.    411. 

braziliensis     (HBK.)     Muell.-Arg.,    411. 
Hibiscus,    89. 
Hodotermes  havilandi,  72. 
Holocompsa    debilis    Walk.,    62. 
Hormurus   australasiae   F.,   56. 

ischnurus,   56. 
Hospitalitermes,   66,    68,    70,    71. 

saraiensis    Oshima,    66,    71. 
Hyla,    105. 

caerulea,  106. 
Hydnocarpus   alcalae  DC,   405. 
Hymenoptera,   78,    79. 
Hypothenemus,   88. 

I 
Icaria,  78,  79. 

cabeti    Sauss.,    78. 

cagayanensis   Ashm.,    79.    109. 

gregaria    Sauss.,    78,    79. 
Indongan,    153. 
Ischnogaster,   79. 
Isoptera,   62. 
Invertebrates,   55. 
Ixora  glandulosa  Blco.,  8. 


Jateorrhiza   palmata  Miers,    193. 


K 


Kalotermitidae,  64. 
Kuyug,    153. 


Lactates,   chaulmoogryl   derivatives   of  405. 

Lamao,    411. 

Lasianthus    culionensis    Elm.,    8. 

Lasiomastix   O.   S.,    477. 

Layap,    153. 

Leafroller,    banana,    76. 

Lepidocyclina,    120-122. 

canellei    Lemoine    &    R.    Douville,    122. 

formosa,    121. 

insulaenatalis,  121. 

richthofeni,    121. 

smithi,     121. 

verbeeki,  121. 
Lepidoptera,  74. 
Leptoria,    124. 

sp.,   124. 
Limacia    velutina    Miers,    193. 
Limnobia?  teucholabina  Alex.,  482. 
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Limnophila   Macq.,   476. 

breviramus   Alex.,    476. 

flavella  Alex.,  476. 

flavella  var.  saitamse  Alex.,  476. 

macrotrichiata    Alex.,    477. 

pilifer  Alex.,   476. 

platystyla    alex.,    476. 

punctum    (Meig.),    477. 

sylvia   Alex.,   481. 

(Tricholimnophila)        platystyla        Alex., 
477. 
Limonia,  481. 

ebriola    Alex.,    462. 

fraudulenta    Alex.,    459. 

remissa   Alex.,   460. 
Limoniinse,   459. 
Limoniini,    481. 

Liogma    pectinicornis    Alex.,   458. 
Lipsothrix    sylvia    Alex.,    481. 

taiwanica    Alex.,    480 
Liris   aurata    (F.),   86. 
Lithocarpus   robinsonii   Rehd.,    6. 
Lizard,  monitor,   109. 
Lizards   in   houses,    106. 
Lo   Seale,   152,    181,   184. 

unimaculatus    Evermann    &    Seale,    181, 
184. 

vulpinus    (Schl.   &  Mull.),   181,   182,   184. 
Lobopelta,    70. 
Loriculus   spp.,    111. 
Luciola,    102. 

Lupparia    adimonialis    Walk.,    62. 
Lycopersicum    esculentum    Mill.,    415. 
Lyctidse,    103. 
Lyctus    sp.,    103. 

M 

Macacus,   224. 

Macroglossinae,    114. 

Macromeris   violacea   Lep.,    82. 

Macrotermes  gilvus   Hagen,   64,   65. 

Maeandra,    124. 

Makabuhay,   187. 
lalaki,    187. 

Malaga,    152,    157. 

MANALANG,  C,  Ascariasis:  Relation  be- 
tween the  number  of  ova  per  gram 
of  formed  stool  and  the  number  of 
female  worms  harbored  by  the  host, 
23  ;  Trichuriasis :  Relation  between  the 
number  of  ova  per  gram  of  formed 
stool  and  the  number  of  female  worm3 
harbored    by    the    host,    11. 

Mandalada,    153,    171. 

Mansonia   brevicellulus    Theobald,    77. 

Martines,    114. 

Mastotermitidae,   64. 

Megachile,   91. 
disjuncta,  91. 

Megaderma,   111. 
lyra,  111. 

Megarhinus,   77. 

amboinensis   Dol.,   77. 

Melastomatacese,    6. 


Melosira  distans   Kutzing,   39. 

italica    Kutzing,    40. 

italica  var.   genuina  forma  tenuis    (Kut- 
zing)   O.   Mull.,   40. 

varians    Agarth,    39. 
Melyridse,    104. 
Membracidse,    95. 
Memecylon   Linn.,   6. 

littorale    Merr.,    6. 

revolutum   Merr.,   6. 
Meridion  circulare  Agarth,  40. 

constrictum    Ralfts,   40. 
MERRILL,  ELMER  D.,  Nomenclatural  notes 

on    Philippine   plants,    1. 
Mesotrichia,   88. 

ghilianii     (Grib.),     88. 
Metrosideros    polymorpha    Gaudich.,    108. 
Microcerotermes     los-banosenis     Oshima,     65. 

los-banosensis   Oshima,   65. 
Microchiroptera,    114. 
Milichiella,    85. 
Millipedes,    60. 

Minthea   rugicollis   Walk.,   103. 
Miogypsina,    121,    122. 
Molophilus    albocostalis    Alex.,    487. 

arisanus   Alex.,    488. 

costalis   Edwards,   487,   488. 

gracilis,    487. 

pallidibasis    Alex.,    487. 
Momordica   charantia    Linn.,    415. 
Monkeys,    experimental   yaws   in,   209. 
Monomorium,  94. 

destructor   Jerdon,   95. 

floricola   Jerdon    var.    philippensis    Forel, 
95. 

minutum    Mayr,    95. 

pharaonis    Linn.,    95. 
MONTALBAN,    HERACLIO    R.,    see    Hebre 

and   Montalban. 
Montezumia    infundibuliformis     (Fabr.),    82. 
Morphinae,    74. 
Moth,   rice,   382. 
Musa   textilis    Nee,    105. 
Musca   domestica,   340. 

vicina   Macq.,    77. 

xanthomera,    340. 
Mycetophilidae,  85. 
Myopsocus   enderleini   Banks,    74. 
Myrmecinae,   94. 
Myrmeleon    angustipennis    Banks,    73. 

celebesensis    McLach.,    73. 
Myrmeleonidae,  73. 

N 

Nassa   arcularis   Linne,   124. 
crenata  Hinds,  124. 
crenulata    Brugiere,    124. 
margaritifera   Dunker,    124. 
Nasutitermes     luzonicus     (Oshima),     65. 
Natural  history  of  a   Philippine   nipa  house 
with   descriptions   of   new   wasps,   the, 
53. 
Navicula  amphibola   Cleve  var.    manschurica 
Skvortzow,   43. 
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Navicula   amphibola  Cleve  var.   manschurica 
Skvortzow. — Continued, 
bacilliformis    Grun.,    42. 
cincta        Ehrenb.        var.        leptocephala 

Ehrenb.,  42. 
peregrina    Ehrenb.,    42. 
radiosa       Kiitzing       var.       manschurica 

Skvortzow,    42. 
reinhardii   Grun.,   42. 
sp.,    42. 
Neidium   affine    Ehrenb.    var.    genuina    Cleve 
forma  media   Cleve,   42. 
affine  var.  amphirhynchus  Ehrenb.  forma 

manchurica    Skvortzow,    42. 
iridis    Ehrenb.,    41. 
iridis   var.    ampliata    Ehrenb.,    42. 
iridis  var.   firma  V.   Heurck,   42. 
Nephila,   58,   59. 

maculata  F.,   58,   59. 
Nephrolepidina,    121. 
Nesopesa    circe    Alex.,    457. 
Neuroptera,    73. 

New   or   little-known   Tipulidae   from   eastern 
Asia    (Diptera),   II,  455. 
StephanidsB   from   Borneo  and   the   Phil- 
ippine   Islands,    IV,    439. 
Nipa    fruticans    Wurmb,    54. 
Nitela,  86. 

bicornis    Williams,    86. 
Nomenclatural    notes    on    Philippine    plants, 

1. 
Notanatolica    gilolensis    McLach.,    72. 
Note  on  bacteriological  diagnosis  of  bacillary 
dysentery,    133. 
on    local    terminology    of    certain    mani- 
festations  of  yaws,   127. 
Notogoniedea     subtessellata,     86. 
Notodontidse,    80. 
Nummulites    subniasi,    121. 

subniasi,    121. 
Nymplialid,  coconut,  74. 
Nymphalidse,    74. 
Nycticejus  kuhli    (?),   115. 


Ochromyia,    70. 
Odontomachus,  93. 
Odontoponera,    93. 
Odynerus,    80,    81. 

imbecillius  Sauss.,   100. 

longitegulse   Williams,    79,    98. 

luzonensis    Rohwer,    79. 

tropicalis  Sauss.,  82. 

vespoides  Williams,  99. 

xanthozanatus,   82. 

(Leionotus)     xanthoxonatus    Ashm.,    80. 

(Leionotus)     xanthozonatus     Ashm.,     99. 
Oecetinella    apicipennis    Banks,    72. 

confluens    Ulmer,    72. 
Oecophylla  smaragdina    (F.),   95. 
Olinia   Thunb.,   1,    7. 
Oliva    acuminata    Lam.,    124. 

gibbosa    Born,    124. 


Oliva  acuminata  Lam. — Continued. 

nebulosa  Lam.,  124. 

utriculus    Gmel.,    124. 
Operculina  complanata,   121. 
Oreodoxa  regia,  68,  75. 
Ornithoptera,     59. 
Orthoptera,   61. 
Oryctes,    107. 
Osmia,    89,    91. 


Pachyopthalmus    signatus    Mg.,    77. 

Padas,   153. 

Padraona    chrysozona    Plotz.,    76. 

Palacang    saguing,    105. 

Palamnaeus    swammerdami     (Simon),    56. 

Pandinus    imperator,    56. 

Papaya,    415. 

Parastephanellus   End.,   439. 

caudatus   Elliott,   439,    441. 

claripennis   Cam.,    440,   448. 

crassicoxae    Elliott,    440,    466. 

crassifemur  Elliott,  440,   447,  453. 

crassistigma   Elliott,    439,    441. 

curticollis   Elliott,   439,    442. 

fulgens     Elliott,     440,    448. 

glaberrimus    Elliott,    440,    450. 

impunctatus   Elliott,    439,    442. 

leviceps    Elliott,    441,    448,    452. 

maculifrons    Cam.,    441,    452. 

minutus  Elliott,    440,    448,   452,    453. 

montanus  Elliott,  439,   440,   442. 

monticola   Elliott,    439,    443. 

niger  Elliott,    440,    441,    449,    451. 

palliditarsis   Cam.,   440,   441,   449. 

parvus    Elliott,    440,    441,    449. 

politus    Elliott,    440,    443. 

polychromus   Kieff.,   440,   441,  449. 

polychromus   var.   coriacea   Kieff.,   441. 

quadridens  Elliott,   440,   441,   446. 

rubripictus    Elliott,    440,    441,    444. 

rufescens    Elliott,    439,    442. 

rugifrons  Elliott,   441,    453. 

rugipleurse    Elliott,    440,    444. 

similis    Elliott,    439,    443. 

sinuatus  Elliott,   440,   451. 

variegatus  Elliott,  440,  441,  445. 
Paratrechina  longicornis  Latr.,  96. 
Parevaspis,    91. 

abdominalis   Sm.,    89,    91. 
Parrakeet,  bat,  111. 
Paspalum   Linn.,   2. 

boryanum  Presl,   2,   3. 

distichum   Linn.,    3. 

distichum   Sw.,   3. 

filiculme   Ness   ex   Thw.,    4. 

fuscum    Presl,    4. 

molle  Presl,   3. 

mollicomum    Kunth,    4. 

vaginatum  Sw.,  3. 
Paspalus   chinense  Nees,   4. 
Passer    domesticus    (Linn.),    111. 

montanus   Linn.,    110. 
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Pechay,    416. 

Pectinophora   gossypiella,    88. 

Pemphredonidae,  84. 

Periplaneta    americana    (Linn.),    61,    62. 

australasiae    (F.),   61. 
Perisierola,    87. 

emigrata  Rohwer,  88. 
Perkinsiella    saccharicida,    79. 
Peronella,    124. 
Peropus    mutilatus,    108. 
Phaseolus  sp.,   415. 
Phidole,   95. 
Phidologiton,    70,    94. 
Philippine  siganids,   the,   151. 
Phlegoenas   sp.,    111. 
Pholicidae,    60. 
Phytophthora,   411,    413-415,    418,    421-423. 

disease   of   santol    seedlings,    a,    411. 

infestans,   423. 

infestans    var.    phaseoli,    424. 

phaseoli  Thaxter,  416,  418,  419,  422-424. 
Pinnularia  brebiseoni   Kiitzing  var.  diminuta 
V.   Heurck,   43. 

episcopalis       Cleve       var.      manschurica 
Skvortzow,   39,   43. 

legumen  Ehrenb.,  43. 

major    Kiitzing,    43. 

major     forma     manschurica     Skvortzow, 
43. 

mesolepta     Ehrenb.     var.     stauroneifor- 
mis   Grun.,   43. 

nobilis    Ehrenb.    var.    intermedia   Dippel, 
44. 

nobilis   var    manschurica   Skvortzow,    44. 

nodosa  Ehrenb.,  var.   ?,  43. 

viridis  Nitzsch,  44. 

viridis    var.    intermedia    Cleve,    44. 
Pison,   84. 

argentatum    Sh.,    84. 

iridipennis   Sm„   84. 

lagunae  Ashm.,  84. 
Pisum  sativum   Linn.,    415. 
Pithecolobium,    65. 
Pithecus    sp.,    111. 
Plants,    Philippine,    nomenclatural    notes    on, 

1. 
Plectronia,   Linn.,   1,   7. 

(Canthium),    7. 

brunnea  Merr.,   7. 

cordata   Merr.,   7. 

culionensis  Merr.,   8. 

didyma    Elm.,    8. 

elliptica    Mer.,    8. 

fenicis    Merr.,    8. 

glandulosa    Merr.,    8. 

gracilipes  Elm.,  8. 

gracilipes   Kurz.,    8. 

gynochthodes   Merr.,    9. 

horrida  Benth.,  9. 

leytensis  Merr.,  8. 

mabesae   Elm.,   8. 

megacarpa    Merr.,    8. 

monstrosa   A.    Rich.,    8. 


Plectronia  Linn. — Continued. 

obovatifolia   Merr.,    8. 

oligophlebia   Merr.,    8. 

paucinervia   Merr.,    8. 

peduncularis    Vid.,    9. 

ramosii    Merr.,    9. 

sarcocarpa  Merr.,  9. 

subcapitata   Merr.,    9. 

subsessilifolia    Merr.,     9. 

ventosa   Linn.,   7. 

wenselii  Merr.,  9. 
Pleurostauron    acuta    W.    Sm.,    44. 
Plum,   Java,   81. 
Plusia,    80. 
Poecilotheria,    56. 
Pogonomyrmex,    94. 

occidentalis,    72. 
Polemistus,    84,    85. 

luzonensis    Rohwer,    84. 
Polybia,    78. 
Polypedates,    106. 

leucomystax    Gravenhorst,     105. 
Polyrhachis,  96. 

(Myrmhopla)    acantha,   96. 
Polyscias   nodosa    ( Araliacese ) ,    76. 
Prionocerus,    104. 

caeruleipennis    Perty,    104. 
Proantocha    serricauda    Alex.,    474. 

spinifer    Alex.,    474. 

uyei    Alex.,    472. 
Prosopis   luzonica   Ckll.,   91. 
Protohelius    Alex.,    466. 

issikii   Alex.,    467. 
Protozoa,    64. 

Psammochares  analis    (F.),   82,  83. 
Pseudagenia,    82. 

Pseudolimnophila    descripta    Alex.,    475. 
Psocidse,   73. 
Psocus  bifasciatus,  86. 
Psydrax   diococcos   Gaertn.,    8. 
Pteropus,    112,    114. 
Pulex   irritans   Linn.,   77. 
Punalada,    111. 
Pycreus,   5. 
Pyramidella,  124. 

Q 

Quercus  Tournef.,  6. 
buddii   Merr.,   6. 
robinsonii    Merr.,    6. 
robinsonii   RidL,   6. 

R 

Radish,   415. 

Raphanus   sativus   Linn.,    415. 
Rhinolophus,    115. 
Rhinonitela,   86. 

domestica  Williams,   86. 
Rhinotermitidae,    64. 
Rhopalodia  gibba    (Ehrenb.)    O.  Mull.,   48. 

gibba  var.  major  Skvortzow,  48. 

ventricosa    (Grun.)    O.  Mffll.,  48. 
Rhopalum,    85. 

clavipes,  85. 

domesticum   Williams,   74,    86,    101. 
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Rhynchium,    79. 

atrum    Sauss.,    77,    79,    88. 
Rice,    defects    in    storage   of,    379. 
Rices,    beriberi-preventing,    a    standard    for, 

351. 
Riedelomyia  Alex.,  455,  481,   482. 

gratiosa  Alex.,   481^483. 

niveiapicalis    (Brun.),   481,    482,    484. 

tencholabina    Alex.,    481. 
Rubber,    Para,    415. 
Rubiaceae,    7. 

S 

Salicylates,  chaulmoogryl  derivatives  of,   405. 
Salticidae,    58. 
Samaral,    152,    153. 
Sandoricum   indicum   Cay.,   411. 

koetjape    Burm.,    411. 
SANTIAGO,    SIMEONA,    and    AUGUSTUS 
P.     WEST,     Chaulmoogryl    derivatives 
of  lactates  and  salicylates,  405. 
Santol   seedlings,  a  phytophthora  disease  of, 

411. 
SANTOS,  JOSfi  K.,  Stem  and  leaf  structure 
of    Tinospora    rumphii    Boerlage    and 
Tinospora  reticulata  Miers,  187. 
Sawale,    54. 
Sceliphron,    83. 

conspicillatum    (Costa),   83. 
deformis    (Sm.),    77,    83. 
inteudens,    83. 
luzonensis   Rohwer,    83. 
Madraspatanum,    83. 
Schefflera,    76. 
Schizostachyum    lima,    103. 
SCHtfBL,   OTTO,  Note  on  local  terminology 
of  certain  manifestations  of  yaws,  127 ; 
Experimental      yaws      in      Philippine 
monkeys    and    a    critical    consideration 
of    our    knowledge    concerning    fram- 
boesia   tropica    in   the   light    of   recent 
experimental   evidence,   209. 
SCHGBL,    OTTO,    and    RITA    VILLAAMIL, 
Note    on    bacteriological    diagnosis    of 
bacillary    dysentery,    133. 
Sclerodermus,    87,    88,    103. 

immigrans   Bridwell,   87. 
Scolopendra,    57,    61. 
Scolytidae,    84,    103. 
Scorpionoidea,    55. 
Setaria  Beauv.,  2. 
caudata  Lam.,   2. 
composita    Kunth,    2. 
globularis  Presl,   2. 
rariflora  Presl,   2. 
Siganidae,    151,    184. 
Siganus    Forsk.,    152,    181. 
albopunctatus    Seale,    165. 
concatenates  Jordan  &  Seale,  156. 
corallinus  Jordan  &  Richardson,   159. 
doliatus   Cuv.,    173. 
fuscescens     (Houttuyn),    152,    156. 
fuscescens  Jordan  &  Fowler,   154. 
hexagonata    Seale,    163. 


Siganus   Forsk. — Continued. 

hexagonatus    (Blkr.),   164. 

hexagonatus    Seale,    156. 

javus  Jordan  &   Seale,   175. 

lineatus    Evermann   &   Seale,    156,    159. 

lineatus    Jordan    &    Seale,    177. 

lurida,    152. 

marmoratus  Jordan  &  Seale,   177. 

oramin   Jordan   &   Seale,    165. 

punctatus    (Bl.    &    Schn.),    164. 

punctatus    Jordan    &    Seale,    163. 

rostratus   Seale,    161. 

striolatus    Seale,    177,    179. 

tetrazonus    Jordan    &    Seale,     157,     174, 
175. 

vermiculatus    Evermann   &   Seale,    179. 

virgatus   Jordan   &   Seale,   171. 

vulpinus   Fowler,    182. 

zoniceps    Seale,    169,    170. 
Sima   attenuata   Sm.,   94. 

rufonigra    Jerdon,    94. 
Siphonaptera,    77. 
Sitao,    415. 
Sitophilus   granarius    Linn.,    382. 

oryzae   Linn.,   382. 
Skippers,    76. 
SKVORTZOW,   B.   W.,   Diatoms   from   Khin- 

gan,  North  Manchuria,  China,  39. 
Soil,    abo-abo,    of    Occidental    Negros,    391. 
Solanum  melongena  Linn.,   415. 
Solenopsis    gemminata,    94. 
Sphenomorphus   jagori,    110. 
Spiders,    56. 
Spisula  sp.,   124. 
Sporobolus  R.  Br.,  3. 

scorparius    Presl,    3. 
Squash,  415. 
Starlings,    Chinese,    114. 

Stauroneis    phoenicenteron    Ehrenb.    var.    ge- 
nuina   Cleve,    44. 

phoenicenteron  var.  amphilepta  Ehrenb., 
44. 

phoenicenteron      var.      vulgaris      Dippel 
forma    intermedia    Dippel,    44. 
Stelis   sp.,   91. 

Stem  and  leaf  structure  of  Tinospora   rum- 
phii Boerlage  and  Tinospora  reticulata 
Miers,    187. 
Stenogaster,    79. 

depressigaster  Rohwer,   79. 
Stephanidae,    new,   439. 
Stilbum   cyanurum   Forst.,    88. 
Strombosia,   89. 

philippinensis,    88. 
Structure,  stem  and  leaf,  of  Tinospora,   187. 
Surirella  linearis   W.    Sm.,   48. 

robusta       Ehrenb.        var.       manschurica 

Skvortzow,   48. 
Symplocos   Jacq.,   7. 

brachybotrys    Merr.,    7. 

ilocana    Merr.,    7. 
Symplocaceae,  7. 
Synaedrys   robinsonii   Koidz.,   6. 
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Synchiropus  tentaculatus  Herre,  33. 
Synedra  acus   Kiitzing   var.   delicatissima  W. 
Sm.,   41. 

acus   var.  angustissima   Grun.,   41. 

ulna    Ehrenb.,    40. 

ulna    var.    amphirrhynchus    Ehrenb.,    41. 

ulna    var.    danica    Kiitzing,    40. 

ulna    var.    oxyrhynchus    Kiitzing,    41. 
Syntermes,    71. 

brasiliensis   Holmgren,    71. 

grandis     (Rambur),    71,    72. 
Syntherisma  fusca  Scribn.,   4. 

mo  lie  Scribn.,  4. 


Tabellaria  fenestrata    (Lyngb.)    Kiitzing,   40. 

flocculosa    Kiitzing,    40. 
Tachysphex    sp.,    86. 
Taiwanina   Alex.,   484. 

pandoka  Alex.,  485. 
Tamayuan,    88. 

Tarsostenus    univittatus    (Rossi),    103. 
Tayog,    153. 
Termites,   62. 
Termitidae,  63. 

Tertiary   formations  of  the  Philippines,   119. 
Tesseratoma  longicornis,  59. 
Tetramorium,   94. 

guineense  F.   var.,   94. 

pacificum    Mayr.,    94. 

simillimum    Roger,    94. 

sp.,    94. 
Tetraponera   attenuata   F.    Sm.,    94. 
Teucholabis,    481.    482. 

sp.    Brun.,    483. 
Teuthididae,    151,    184. 
Teuthis    Linn.,    152,    184. 

albopunctata    Gthr.,    165,    167. 

albopunctatus     (Schlegel),    156. 

concatenata     (Cuv.    &    Val.),    153,    156, 
158,    175,    184. 

concatenata   Gthr.,    156. 

corallina    (Cuv.   &   Val.),    153,    159,    184. 

corallina  Gthr.,   159. 

doliata    (Cuv.),    154,    173,    184. 

fuscescens    Gthr.,    153,     154. 

fuscescens    (Houttuyn),    154,    184. 

hexagonata     (Blkr.),    153,    162,    184. 

javus  Linn.,   154,  175,  184. 

lineata    (Cuv.  &  Val.),  154,  176,  184. 

lurida  Mey.,    154. 

lurida   Riipp.,    152. 

margaritifera    Gthr.,    165,    168. 

marmorata,    179. 

oramin     (Bl.    &    Schn.),    153,    156,    165, 
168,    184. 

puella    (Schlegel),    153,    169,    184. 

rostrata    (Cuv.    &    Val.),    153,    161,    184. 

striolata   Gthr.,    154,    177,    184. 

sutor    (Cuv.   &   Val.),   153,    168,    184. 

tetrazona    (Blkr.),    154,    158,    174,    184. 

vermiculata     (Cuv.    &    Val.),     154,    179, 
184. 


Teuthis   Linn. — Continued. 

virgata   (Cuv.  &  Val.),  153,  171,  184. 

vulpina   Gthr.,    182. 

vulpinus   Gthr.,    182. 
Thamnotettix,    430. 
Theraphosidae,    56. 
Three    new    Philippine    fishes,    31. 
Thysanolaena   maxima    (Roxb.)    O.    Ktze.,    3. 

procera   (Retz.)    mez,  3. 
Tiliaceae,    6. 

Tillus  someranus    (Gorh.),   103. 
Tinospora,    187. 

cordifolia    Miers,    188,    193. 

crispa   Miers,    188. 

reticulata    Miers,    187,    188,    198-204. 

rumphii    Boerl.,    187-189,    191,    193,    196, 
198-204. 
Tipula    tetracantha     Alex.,    457. 
Tipulidae    from   eastern    Asia,    455. 
Tipulinae,    456. 
Titang,    165. 
Tomato,  415. 

Torulinium  ferax    (L.  C.  Rich.)    Ham.,  5. 
Treponema,    298,    333. 

pallidum,    213-215,    256,    333. 

pertenue,    211,    213-215,    217,    220,    256, 
257,    271,    281-283,    297,    299,    305,    308, 
311,  333-336,  338,  341,  342,  347,  348. 
Tribolium    ferrugineum    Fabr.,    382. 
Tricholinnophila    Alex.,    476. 
Trichoptera,  72. 

Trichuriasis:    Relation    between    the    number 
of  ova  per  gram  of  formed  stool  and 
the  number  of  female  worms  harbored 
by  the  host,   11. 
Trichuris,    11-13,    15-17. 
Tricyphona    confluens    Alex.,    475. 

formosana    Alex.,    475. 

kirishimensis   Alex.,    474. 
Trigona,    91,    92. 

biroi    Friese,    91. 
Triticum,  3. 
Trypoxylon,    84. 

philippinensis    Ashm.,    84. 
Trypoxylonidae,    84. 
Tukko-tukko,    106. 
Turritella    magnasperula,     123. 
Turus,    152. 
Tylosurus    philippinus   Herre,    31. 


Vampyrus    spectrum,    112. 
Varanidae,    109. 

Varanus   salvator   Lauren te,    109. 
VEDDER,   EDWARD   B.,   and   R.   T.   FELL 
CIANO,    An     investigation    to    deter- 
mine a  satisfactory  standard  for  beri- 
beri-preventing   rices,    351. 
Vertebrates,   105. 
Vespa,  78. 

deusta   Lep.,    78. 
luctuosa    Sauss.,    78. 
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Vesta  sp.,   102. 

Viability  of  Treponema  pertenue  outside  of 
the   body    and    its   significance    in   the 
transmission   of   yaws,    383. 
Vicarya,    123. 

callosa    Jenkins,    122,    123. 
verneuili  d'Arch.,    123. 
Vigna  sesquipedalis  Linn.,   415. 
VILLAAMIL,  RITA,  see  Schobl  and  Villa- 

AMIL. 

w 


Wasps,    household,    78. 

new,    descriptions    of, 

new  species   of,   97. 
Weevil,    granary,    382. 

rice,   382. 
WEST,    AUGUSTUS    P., 

West. 
White  ants,  62. 


53. 


see  Santiago  and 


WILLIAMS,  FRANCIS  X.,  The  natural  his- 
tory of  a  Philippine  nipa  house  with 
descriptions  of  new  wasps,  53. 

X 

Xylocopa,  88. 
Xylothrips,    103. 

flavipes    111.,    103. 


YASUYAMA,     KODO,    Viability    of    Trepo- 
nema   pertenue    outside    of    the    body 
and    its    significance   in    the   transmis- 
sion   of   yaws,    333. 
Yaws,   experimental,    in    monkeys,    209. 
terminology    of,    127. 

transmission,  significance  of  viability  of 
Treponema    in,    333. 


Zethus   cyanopterus,   81. 
Zethusculus    lobulatus    Sauss., 
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